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rEEFACE TO THE ENGLISH EDITION. 



This book was written by Prof. Prantl to meet a growing 
demand for a work on Botany, whicb, while less voluminous 
than the well-known "Lehrbuch" ol Prof. Sachs, should re- 
semble it in its mode of treatment of the subject, and should 
serve as an introduction to it. That it has not failed in this 
objeot is shown by the fact of its having already reached a third 
edition. It is hoped that this English Edition wiU as adequately 
supply the want of a work of this kind which has long been felt 
in this country. 

In preparing this edition for publication, I have felt that the 
main object was the production of an accurate and. intelligible 
translation, and I have therefore made but few alterations in 
the Author's text. I have ventured, however, to introduce 
the General Classification of Thallophytes (page 110) proposed 
by Prof. Sachs in the fourth edition of his "Lehrbuch," for 1 
am of opinion that this mode of regarding the Thallophytes 
is a considerable assistance to the student. In consequence 
of this I have arranged the various families of Thallophytes in 
an order which is slightly different from that followed by Prof. 
Prantl. 

Further, I have not designated the decomposition of carbonic 

acid and water by the chlorophyll under the influence of 

light, by the term "assimilation," as is usually done. This 

term has already a well-defined meaning in Physiology, and 

it is therefore a mistake to re-introduce it in another sense. At 

the same time I do not feel myself quite in a position to 

snggest a term to replace it. 

S. H. V. 
Gamb^idqe, Ma/rchy 1880. 

• •• 
lU 



PREFACE TO THE SECOND ENGLISH EDITION. 



I have ventured, in the preparation of this edition, to make con- 
siderable alterations in the, book, with the view of increasing its 
usefulness. For these I am alone responsible. Many of them have 
been made at the suggestion of friendly critics, known and un- 
known, and for this kind assistance I would here express my 
thanks. The most important alteration is the adoption of a 
Classification of Flowering-Plants which will be more familiar 
to English students than that which was followed in the First 
Edition. 

S. H. V. 
Cambridge, April, 1881. 



PREFACE TO THE THIRD ENGLISH EDITION 



This edition, called for so rapidly after the appearance of the second, 

is issued without any change in the contents of the book, other than 

purely typographical. 

The Publishers. 
LoKDON, 1883. 
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PAET I. 
THE MOEPHOLOGY OF PLANTS. 




§ 1. The Members of the Plant. An ordinary flowering- 
plant consists of a number of parts wliicli are distingnished as roots, 
stems, leaves, fruits, etc. These may be considered scientifically in 
two ways ; either with reference to their functions in the economy 
of the plant, when they are regarded as the organs by which these 
are performed, and are the subjects of physiological study ; or, their 
functions being disregarded, their relative position, the place and 
mode of their origin, the course of their growth, and their relative 
size may be considered ; that is, they may be studied from a purely 
morphological point of view, when they are regarded merely as parts 
of a whole, and are designated as members. The members may be 
conveniently arranged in four categories, namely, ItootSy Stems 
(Caulomes), Leaves (Phyllomes), and Hairs (Trichomes). When 
the body of a plant does not present any differentiation into root, 
stem, and leaf, as in the case of the Algsd and Fungi, it is termed 
a Thallus (Thallome). 

With the exception of the primary axis of the seedling, all mem- 
bers are developed laterally upon others, which may or may not 
belong to the same category. A root, for example, is repeatedly 
producing lateral roots which are similar to each other and to the 
main root from which they have arisen ; a stem, on the other hand, 
produces, in addition to branches which are similar to itseK, leaves 
and roots. Every member remains in connection by its organically 
lower end, its hase, with the member from which it has been 
developed : the opposite end is the organically upper end or apex. 
Those members, viz., stems and roots, which more especially pro- 
duce lateral members, continue to grow at their apices, and the 
lateral members are normally developed behind the apex in such 
a way that the youngest of them lies nearest to the apex. Thus, 
the youngest lateral root is the nearest to the apex of the mother- 
root, and it is the youngest leaf which is the nearest to the apex 
of the stem; hence in all normally developed members the suc- 
cession in time may bo inferred from the 6 accession in space ; that 

B 



2 PABT 1. — THE MORPHOLOGY OF PLANTS. [§ 2. 

is to say, in cotmting the leaves on a stem from the base upwards, 
the order of their snccession in space denotes the order of their 
development. All lateral members which are thus arranged are 
said to have originated in acropetal succession. When in any cross 
section of the parent member not one only, bnt two or more lateral 
members, occur at the same level, this mode of arrangement is 
termed a whorl ; for instance, of secondary roots round a parent- 
root, or of leaves round a stem, as in Herb Paris (Paris quadrifolia). 
Those members which lie at the same level and form a whorl may 
be developed simultaneously, or one after the other ; hence a whorl 
may be simultaneous or successional. In the latter case it is more 
difficult to distinguish the acropetal succession as well of the whorls 
as of their individual members. Those members are said to be 
adventitious which are not developed at the growing point but 
on older parts, and which are therefore not arranged in acropetal 
succession; for instance, those lateral roots which are developed 
from older ones, and many branches from old stems. The forma- 
tion of lateral members may either take place exogenously, in which 
case they originate from the outer layers of tissue of the parent- 
member, as leaves do from that of the stem (Fig. 1), or endo- 
genoiisly, in which case they are formed from the internal tissue of 
the parent-member and have to penetrate its outer layers ; it is in 
this latter manner that roots are developed either from older roots 
(Fig. 20) or from stems. 

§ 2. Of the Leaf and Stem in general. These two ideas 

are so intimately connected that it is impossible to think of one 
without the other, as is evident from the following definitions : 

Every part of a plant which produces leaves at its growing end 
is called a Stem or Axis ; a stem, together w;^th the leaves it bears, 
is known as a Shoot : 

Leaves are distinguished by the following characters. 1, They 
originate always in acropetal succession (they are therefore never 
adventitious) ; 2, they are always exogenous ; and 3, they always 
assume a form different from that of the stem and its lateral 
branches upon which they are borne. 

The leaves are developed in very close apposition at the apex of 
the stem. The portions of the stem, termed internodes, which lie be- 
tween the individual leaves may either remain quite short, as in the 
case of the rosette of loaves of the Plantain and of the House-leek, 
of the fascicled leaves of the Larch, and in most flowers ; or they 
may undergo a considerable elongation so that the leaves become 



S3.] 



PAST L THE IfORPHOLOOY < 



I 



ly separated. The boundaries of the intemodes — the places, 
is, at which the leaves are inserted — termed tuides, are some- 
times prominently developed, more particularly when the leaves 
are arranged in whorls, e.g., Labiatse, or when thej- ensheath the 
Btem. The portion of the snrfaoe of the stem from which the leaf 
arises is the insertion of the leaf, and its organic centre is called the 
point of iiieerti<m. After the 
fall of the leaf the snrfaco 
where it was inserted re- 
mains for a long time visible 
as a scar or dcatrix. 

So long as the intemodes 
have not begun to elongate, 
and the leaves are stilt folded 
together 
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apex of the stem, the grow- 
ing end of each shoot is 
known as a h\id. The bnd 
which lies at the apex of a 
shoot, the lower portion of 
which has already under- 
gone elongation, is a terminal 
bad; tiie lateral buds &TB the 
early stages of shoots de- 
veloped laterally upon a i 
erowing main shoot, which ' 
. often remain m. tms con- 

r dition for a considerable time. The arrangement of the lateral 
I "buds, and consequently that of the branches which are developed 
I from them, is closely related to that of the leaves ; thns in Mosses 
I- and many Ferns they are developed immediately below or by the 
!• Bide of a leaf ; in the higher plants, always in the axil of a leaf, 
li Ui^t is to say, in the angle made by a leaf with the interaode above 
I" its insertion. In the latter case they make their appearance at the 
I first formation of the leaves (Fig. 1, /m). With few exceptions, 
I'they are developed in the axil of every leaf, the exceptions being 
I the leaves that form the flower, and those of many of the Conifers. 

3. The Arrangement of the Leaves (Phyllotaxis). The 
I arrangement of the leaves on the stem is moat intimately connected 
I with the acropetal order of their development ; and since, as has 
I been already shown, the arrangement of the lateral shoots depends 
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on that of the leaves, the same Ihws determine the arrengemetit o( 
both these sets of members which apply generally to all acropetally 
developed members of plants. These laws are moat conspicnonsly 
exhibited in the arrangement of the leaves, and they will be folly 
discnased with reference to these members only. 

Leaves are developed either in whorU, that is to say, two or more 
at the same level on the stem, or singly, when their arrangement 
is said to be scattered. In some cases certain of the intomodes 
do not elongate, and therefore the leaves, which have been really 
developed singly, or their axillary bnds, appear to have been de- 
veloped at the same level on the stem, thna forming a spuriaug 
whorl, as in the case of the upper leaves of the Tiger-lily and of 
the whorled branches of the Pines. 

The arrangement of the leaves on the circnmf erence of the stem 
is also very variable ; this is particnlarly conspicuons in the cases 
where the leaves are arranged in whorls, for which reason these 
will be first discussed. If a whorl consists, for instance, of two 
leaves, it is obvious, that they will be placed exactly opposite to 
each other on the snrface of the 
stem, and that the distance between 
; them, measured from the points of 
insertion, will amonnt to jnst half 
the circumference of the stem. Simi- 
larly, if the whorl consist of three 
leaves, the distance between any two 
adjacent leaves will be one-third of 
the circumference, and so forth. The 
lateral distance between the points 
of insertion of two adjacent leaves, 
measured on the circnmferenc« of 
the stem, is called their diuergence, 
and it is expressed in fractions of 
the circumference. 

Moreover, it is a rule, though not 
FM.i-Btom<rfil«i™withwhofi. "^**»o^t exceptions, that the sncces- 
ortwc leaves: i-i, 2-s, s-3, the Bncom- sive whorls alternate, SO that the 
sive whorie. leaves of any whorl lie opposite to 

the iatervals between the leaves of the whorls above and below it. 
Thus the leaves of alternate whorls are exactly above each other 
(rig. 2). 

This arrangement, as in fact all relations of position, may be very 
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plainly exMbibed by means of diagrams (e.g.. Figs. Sand 4). Suoli 
a diagram consists of a ground-plan of tke stem, regarded a« being 
a cx)ne, and looked at from above : tbe insertion of eacb leaf will 
lie npon one of ft series of concentric 
circles, and the Hgher the insertion of 
tbe leaf npon the stem, the nearer to the 
centre will be the circle of the diagram 
npon which its insertion is indicated. ' 

It ja&y be perceived in the diagram 
Fig. 3, that when the leaves are arranged 
in alternate whorls they form twice as 
many longitudinal series on the stem as ^.^^ ^_^.^ "^^^ ^^ ^ ^^^ 
there are leaves in each whorl, provided, »iu.aiteroaiotwo-ieavedwiiofiB. 
of conrse, that the number of leaves in V "' "' 'X'^" "t^wh^ 
each whorl is the same. The longitu- 
dinal series, which are indicated in the diagram by radii, are called 
orlkostichies. 

This particular arrangement of alternate whorls of tivo leaves 
occurs very frequently, and is termed the decuesate arrangement. 
The two leaves of each whorl are said to be ofipoeite. It is com- 
paratively rare for equal successive whorls to be superposed ; that 
is, that the leaves of each whorl should lie exactly above or below 
those of the others, so that there arc only as many ortbostichies 
as there are leaves in each whorl. 

Biampks of deciiesate leaves : tlie CtrjophjUf 
UacetB, to wliicli belong 
Syringft (Lilac), Lonicerj 
IHoneysnckle], and Sam- 
bucus (Elder) ; the Uaple, 
the Horse-obestnut, and 
the Ash. In Rhamaiti ca- 
Iharticut the two leaTes of 
each nhotl are nanall; at 
a slightly different level. 

Alternate nftoris of 8 
(irreapectively ol flowere) 



a, the Xisbiatffi, the Captifo- 







m bs&nOff leavw witlj B, divargejioo 



cawonallj In the Horae. ^ ^ 
cheetnat and the Maplo. 

When tho leaves are arranged in a scattered n 
detect that, within a certain region of the stem, their divergence ie 
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; that is, that the distance between any leaf and its imme- 
diate ptedeceasor and sncceesor is a certain fraction of the circnm- 
fereace. In the simpleBt case, when the dirergence is \ (Fig. 1 A), 
■taiting with any leaf 0, the insertion of the next leaf in snc- 
cesskm mi the stem, which may be nnmbered 1, wilt be exactly 
opposite to that of the leaf 0, and the next leaf, nnmbered 2, will 
be opposite to 1 and exactly aboTe 0. Thns there are two ortho* 
■tichies. In proceeding from leaf to 1, 2, 3, and so on, always in 
tbc same direction, the circumference of the stenL is traversed in a 
spiisl which, in the course of each whole tnm, tonches the bases of 
two teares and intersects the same orthostichy. This spiral will 
pass thronf^ the insertion of every leaf, and as it does bo in the 
order of their development, it is known as the genetie spiral. The 
nnmber of leaves through which the genetic spirid passes in its 
conrse between wiy two 
on the same orthostichy is 
termed a cycle. When the 
divergence is -J, the leaf 
nnmbered 3 comes exactly 
above leaf 0; 4 over 1, 
5 over 2; and bo on; and 
there are three ortbostich- 
ons lines, the cycle being 
composed of three leaves. 
It might be said with eqnal 
accuracy that the diverg- 
ence is \, since leaf 1 is dis- 

_ , _, J . ,.,. ,_ . >, taut 1 of the circumference 

Ff«. ■.— Dinsmn ot * ■t«n irlUi > eonitaiit direr- * 

ffoueott. I, II, m, oo, the arttHstiobwu lisae. from leaf 0, if the spiral be 
UiMTBMiu.) followed in the other direc- 

tion. If it be continued in this direction, it will pass round the 
stem twice in each cycle. For the sake of simplicity, the spiral ia 
not traced in this longer way, but in the shorter way. When the 
numerator of the fraction of diveigenoe is not 1, but some other 
rational nomber, the spiral passes round the stem more thtoi once 
within the cycle, in fact, just as many times as is expressed by 
the numerator of the fraction of divergence ; the denominator of tho 
£raction expresses the number of the orthostichies. In Figs. & and 
a, which represent a constsjit divei^ence of g, it is easy to see that 
dght orthostichies are present, lerf 9 being over 1, 10 over 2, and 
so on ; also that the spiral returns to a loaf on tho same orthostichy 
after three turns, and thus goes thrice round tho stem in one cycle. 
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If it ia required to determine tho arrangement o£ the loaves 
(phyllotasis) on a stem, it is necessary to find the leaf which ia 
exactly above the one, numbered 0, selected aa a etarting- points 
and theu to count the number of leaves wliich are met with in 
following the shorter spiral round the stem between these two 
leaves. Tho number of the leaf which lies in the same oi'thoKtichy 
ia the denominator of the fraction of di- 
vergence, and the nnnierator ia the number 
of turns made by the spiral between the 
two leavea. 

When tho number of orthoatiehies is 
greater than 8, it becomes very difficult to 
detect them, particularly when the leaves 
are closely arranged as in the rosette of 
the House-leek, the capitulum of the Sun- 
flower, or as the scales in a Fir cone. 
Another set of lines lying obliquely then 
Btrite the eye, called parastickies, which 
also run round tho stem in a spiral, but 
touch only some of the leaves ; for in- 
stancB, in Fig. 6, the line which connccta 
the leaves 3, G, 9, and 12. It is evident 
that the number of parallel parastichies 
muBt be as great as tho difference between 
the numbers of the leaves in any one such 
line. Thus in Fig. 6, again, another para- 
etichy connects the leaves 2, 5, 8, 11, and ao 
on ; and a third, the leaves 1, 4, 7, 10, etc. 
From this it ia possible to deduce a simple 
method for ascertaining the phyllotasis in 
complicated cases : the parastichies which ^ 
run parallel in one direction are counted, c 
and the leaves ia one of them are numbered ' 
' according to the above-mentioned rule ; by i 
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IcaWd bj their initr- 
lOflBOf tlicpDHtDriorhy 
they am ecitmecled bj 
chiea. t.I.II " 
eight □Tthoatj 



parastichies which intersects the first, the 
number of each leaf will be found. 

Tho commonest divergences are the following! 
h h I. h -iV. A. ii- 
This series is easy to rem,ember, for the numerator of each fraction 
1 of those of the two preceding, and it is tlie same with 
I tho dtmooiiiiatorsi 
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There are, however, divergences which are not included in this 
series, e.g.y \, \, -J, etc. In some cases the construction of a spiral 
with a constant divergence is impossible, as in Salvinia. 

The causes of this regularity of arrangement of the leaves lie 
partly in the mode of origin of the leaves at the apex of the stem 
and partly in the displacements which they undergo in the course 
of their subsequent growth. 

Instances of the divergence J : all Grasses, and the smaller branches of the 
Elm, the Lime, the Hornbeam, and the Beech ; in these, particularly in the 
last, the leaves undergo displacement, so that on the under side of the branch 
the divergence is less, and the upper side it is greater than \. 

Divergence of ^ is found in all the Sedges, and in the branches of the Alder 
and Aspen. 

Divergence of | may be regarded as the most frequent ; it occurs in many 
herbaceous plants and in most of the smaller branches of the Willow, the 
Poplar, the Oak, the Bose, the Cherry, and the Apple. 

1 be acicular leaves of the Firs and Spruces usually have a divergence of § 
and -If : ,\ occurs very commonly in the cones. 

Finally, it may be observed that the genetic spiral turns sometimes to the 
right and sometimes to the left on the stem : in botanical terminology, a spiral 
is said to be right-handed when it runs in such a direction that if the observer 
ascended along it he would have the axis on his right ; and left-handed, when 
it runs in the contrary direction. 

§ 4. The Form of the Mature Leaf. A leaf is usually 

flattened horizontally into a broad surface ; it is thin, and of such a 
form that it can be divided by a perpendicular plane, the median 
lilancy into two similar halves. The halves are usually counter- 
parts, like the right and left hand, or an object and its reflected 
image; the leaf is then said to be symmetrical, Unsymmeirical 
leaves, the halves of which are not similar, occur in the Elm, and 
very conspicuously in Begonia. The lower or outer surface of the 
leaf usually differs from the upper or inner surface in structure* 
colour, hairiness, etc. As a rule the surface of the leaf is extended 
at right angles to the median plane, and also to the longitudinal 
axis pf the stem ; but this original position is frequently altered 
by subsequent torsions. Decussate leaves, for instance, are often 
60 twisted that the upper surfaces of all of them come to lie in one 
plane, as in Philadelphus ; and on the horizontal branches of the 
Silver Fir the leaves that grow on different parts of the stem are 
60 twisted that their upper surfaces are all directed towards the 
zenith. Rarely, as in the Iris, the leaf is irjom the first extended in 
the median piano itself. 
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Departures from the ordinary flattened form of the leaf are fonnd 
in the acicnlar leaves of the Spruce, in the cylindrical leaves of 
many species of Sednm and Mesembryanthemnm, and in the 
tubular leaves of Allium and Jnnctis. 

The leaf is usually regarded as consisting of three parts : the 
sheath, the stalk, and the lamwa or blade. The sheath (Fig. 7 v) 
encloses the stem at the insertion of the leaf, assuming a tubular 
or sheath-like form ; it is largely developed in Grasses and XJmbel- 
lifersB. The leafstalk or petiole (Fig. 7 p) is narrow, usually semi- 
cylindrical or prismatic in form, and bears at its end the expanded 
blade (Fig. 7 l) : occasionally, as in the Australian Acacias, it is 
flattened and leafy, when it is termed a phyllode. These three 
portions are not, however, developed in all leaves. Many leaves, 
as those of the Maple and the Gourd, have only petiole and blade ; 
others, as the Grasses, only sheath and blade. 
Frequently the blade only is present, as in the 
Tobacco and the Tiger-lily, when the leaf is said 
to be sessile. 

The stipules must be regarded as belonging 
to the sheath : when they are present the leaf 
is said to be stipulate; but they are frequently 
wanting, and the leaf is then said to be ex- 
stlpulate. In many plants they take the place 
of the sheath and appear as two outgrowths at 
the base of the leaf (Fig. 8 ^and Css). They 
are often similar in colour and texture to the 
leaves, as in Willows, Peas, the Violet, and the „ „ , ^ * « 

. . , ' * ' , Fio. 7.— Leaf of .Eo- 

Rubiaceee, in which they are compound ; in nuncuXtu Ficaria. 

other plants, on the contrary, they are colourless * sheath j p stalk ; 

,1 blade (nat. size). 

or brown, and fall off soon after the leaf is un- 
folded, as in the Beech, the Elm, and the Lime. Sometimes a pair 
of stipules occur as well as a sheath, and they appear as teeth at 
the top of the sheath, as in the Eose. Occasionally the two stipules 
are connate, that is, they are more or less united: when they 
cohere by their outer margins they form an opposite stipule, as in 
Asiragalus, and when they cohere by their inner margins they 
form an axillary stipule, as in Houttuynia cordata : in the Polygo- 
naceaa they cohere by both their inner and outer margins, thus 
forming a sheath, termed an ochrea (Fig. 207 A o) which surrounds 
the intemode above the insertion of the leaf: when the stipules 
of opposite leaves cohere they form what are termed interpetiolar 
stipules, as is frequently the case in the BubiaoesB. 
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Only in comparatively few plants does a ligide oconr; this is 
a small cratgrowtli from the upper (inner) surface of the leaf, 
which is fonnd in the Grasses at the jnuction of the sheath and 
the blade (Fig. 8 A i), and also in the petals of many flowers, as 
Lychnis and Narcissos. 

In the case of most leaves it is obvioiiB that their internal tissnes 
are differentiated. The fondamental tissne, which is generally 
green, the megophyll, is traversed by bright bands, which are the 
fibro-vascnlar bandies or so-called vein$. These nsnally project 
on the under snrfaoe, and when the leaf decays, remain for a time 
as a skeleton of the leaf. The distributioa of these bandies, the 




Fis. 9.~A P&rl of a leal of Gmii (Fta tjiviala) with the tignlel; ntlis haalm; itlie 
ibenlh; IlBinlnaof tbolaaT. B Lrat of t. Willow (ShIk Caprea); ostem; n siipnlos; p 
pedals i/lBmins; taiUlary bad (oat, site). C Leaf of a Faa (Pisum inwnw) ; a stem; ti 
etipDlea; rneibU; //leafleU; tftfOK npperlsafiaU metamorpboBad inlolendrilg; i' end 
of tba raohiB, likeirite tmufbrmad Into a tendril. 

venation, is characteristic of lai^ gronps of plants. In the narrow 
leaves of most of the Monocotyledons the veins are parallel, branch- 
ing rarely or not at all (Fig. 13 L), and they are therefore said to 
\)e parallel-veined ; while in many of the Dicotyledons only a few 
veins enter the leaf, which branch frequently and anastomose, 
forming a retieulated venation. According to the ramification 
of the veins, the venation may be either pinnate (Fig. 9 A), that 
is to say, a median vein or mid-iib mns through the leai and gives 
off several lateral branches, as in the Tobacco, Beech, and Elm ; or it 
may he palmate (Fig. 9 B), that is, the vein divides at its entrance 
into the lamina into a number of equal diverging veins, which may 
ag^ divide, as in the Maple and Ivy. 
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In descriptive Botany a, number of terras are used to describa 
the details of tlie insertion, the contour, the apei, margin, and the 
segmentation of leaves. The most important are as follows : 



When the blaile 
springa immediately 
iTom the Btpm tlie 



} be 
ill; amphxieaul, 
nhea it BnrrottndB 
the whole, i^mt-om- 
plexicanl, when it 
BuiTomida only halt 
of the circumference 
of the stem at its in- 
(Fig. 10 A. 
Thlapii ptrfoliatuvi); 
perfoliate, when the . 
two opposite margins 
of the baae of the leaf 
meet and coaleeee on 
the apposite side of 
the Btem from the 




ot 



Fis, 9.— A rionnle TBnaUon a 
lent of JlclMnnaia sulgaris (oat. aii' 
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t.g., Buplearam rotundifnUmn (Fig. 10 B). This form mu 
with connate leaves, in which case two leaves growing a 
opposite sides oE the 
Coprifotiim, Fig. 10 
C). 

In deeurrent leaves 
leafy wings extend 
downwards from the 
insertion along the 
Etem, which is then 
said lo be Tuioged, 
e^., many kinde of 
Unllein (YerbitGetim); 
and the leal-stallt is 
Bometimes winged in 
the same way by a 
downward growth of 
the lamina. 

The petiole is oc 
caaionally insarttd 
on the nnder side of '^^'^^^^ 
the blade, which is 
then B^d to be peltate ; bnt it 
either diarply defined from it oi 





is nstially inserted 
gradaally merges u 



t itB lower edge, and is 
to it; an example □! thiB 
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latter mode is afforded by the cuneiform leaves of the Daisy (Bellis TperennU), 
A heart-shaped or cordate leaf is one of which the lower edge is deeply hollowed 
in the median line, whether it be sessile or stalked, e.g.^ the Lilao (Syringa). 
It is arrow-shaped or sagittate^ when the blade is much prolonged on each side 
of this hollow, as in the Arrow-head (Sagittaria). As to the general form of 
the leaf, it said to be linear when the opposite edges are nearly parallel, cg,^ in 
Grasses ; lanceolate^ when the leaf is at least four times as long as it is broad, 
e,g,^ the Bib-wort (Plantago) ; elliptical, when the leaf is about twice as long 
as it is broad, e.g., the leaflets of the Bose ; ovate, when the leaf is at the same 
time broadest towards the base ; obovate, when it is broadest towards the apex; 
subrotund, orbicular, reniform, when it is both broad and somewhat heart- 
shaped, e.g.. Ground Ivy (Gleohoma) (Fig. 14 jB /). 

The leaf is also described, according to the form of the apex of the blade, as 
being acute, when the lateral margins gradually converge at an acute angle, 
e,g., the Bib- wort ; as acuminate, when the apex tapers rapidly (Fig. 11 G), 
e.g., the separate leaflets of the Horse-chestnut ; or as obtuse or as emarginate 
(Fig. 11 Df ), when it is more or less indented at the broad obtuse apex, as in 
some kinds of Senna {Cassia obovata) ; as obcordate, when this indentation is 
deeper, as in the leaflets of the Woodsorrel (Oxalis) ; and as mucronate, when 
there is a sharp projection from the obtuse apex, as in the leaflets of Lucerne 
{Medicago sativa) (Fig. 11 Fj' s). 

The margin of the leaf is either entire (Fig. 13 L), as in the Forget-me-not 
and Tulip ; or it presents slight asperities, when it is said to be dentate (as 
in each segment of the leaf in Fig. 11 C) ; or it is sinuous, with sharp spines, 
as in the Holly (Ilex Aquifolium), when it said to be wavy ; or it is serrate, 
with teeth directed towards the apex (Fig. 9 B), as in the Bose ; or crenate, 
with obtuse indentations, as in the Violet (Fig. 14 E /). If the margin be 
more deeply indented, the leaf is said to be incised, and the incision may be 
either palmate or pirmate, according to the mode of venation. In order to 
express the fact that the incision extends less or more nearly to the junction 
of the lamina and petiole in palmate leaves, or to the mid-rib in pinnate 
leaves, different terms are used. Thus the leaf is said to be lobed and pinna- 
tijid or palmatijid, when the incision does not extend so {ar as half way (in a 
palmate leaf, Fig. 9 B); partite, when it extends about half way (Fig. 11 A) ; 
dissected, when it extends the whole way (pinnatisected. Fig. 11 C). 

Compound leaves are formed by the divisioa of the lamina into several smaller 
laminae, connected by their secondary petioles (petiolules), which are called 
leaflets (foliola) (Fig. 11 /). The compound leaf, like the lobed or partite 
simple leaf, may be palmate or pinnate. In the former case it is called, ac- 
cording to the number of the leaflets (three, four, five, or more) ternate, 
quadrinate, quinate, etc. (Fig. 11 £ is ternate), and by further division of the 
leaflets it may become biternate or tritemate, etc. (e.g.. Clover, Lupin, Horse- 
chestnut). In the compound pinnate leaf the separate leaflets are called pinnoi, 
and are inserted on each side of the mid -rib, or rac/ii« (Fig. 11 B/), which 
appears to be a prolongation of the true petiole (Fig. 11 D r)» If the rachis 
terminates in a single leaflet, the leaf is said to be imparipinnate (Fig. 11 D t); 
but when it has no terminal leaflet, it is paripinnate (Fig. 11 E). According to 
the number of the pairs of leaflets, the leaf is said to be bi- or tri-jugate^ etp. 
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(Fig. 11 E). It is inlennpledtii pinnate when large aud small pinnsB occut 
alternately or itiegalnilj, aa in Potentilla anitrina. When the pinuate eeg- 
mentation is repeated, the leaf beoomps bi-pinnale or Iri-pinnate (Fig. 11 M). 
Many leaves, by a combination of palmate and pinnate arrangement. Mquirs a 
highly Domploi conformation, as is seen in many umbelliferous plants. 
Leaves or portions of leaves are oacasionally traueformed into tendrils, ^hicb 
, are organs of attaohment (aee g 48) ; this is the case with the racMs and with 




,jDplaipin^Me^ BIppocrepu etr 
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all or Bomo ot tlie pintitB, in the Vetoh, Pea, aJid otlter allied plaats (Fig. %C / 
and r/). Xieu freqaeatly the lamina is metamorpl'*)^^ ii^to bu aicidtun, 
assuming the form ol a pitcher, a» in Nepenthes. 

The texture ot most leavKS may be desoribed as Aerbac«oiu. Leaves ol this 
kind last qbdoU; toi only a lingle eeaaoa, and die or lall off in the autumn. 
Leaves of firmer teitnre, whioh are said to be eariateoia, Buivive the winter, 
and either fall off when the Deir leaves are deTeloped (the Privet), or continne 
to live for several years, (Holl;, Box, and moat Conifers \ the aoioolar leaves of 
the latter may persist for as many as twelve years, (Silver Fit)). FUtlvg or 
sateaient leaves ocoui in Aloe, Sedom, etc. In many cases leaves are meta- 
morphosed into fpivxt ! these are hard-pointed, 
woody Btmatorea, which, from their position, may 
he reeogoised as being modified leaves ; such Bra 
the leaves on the shoots of Berberis (Fig. 13 a ft), 
the stipules of Robinia Pieudaeacia, the persistent 
petioles of many species ot Caragona and Astra- 

Tbe relative position end the form of leaves in 
the bud present many chafacteristie peculiarities. 

According to the greater or less breadth of the 
leaves, those which are contiguous to each other 
eitlier merely tonch at their edges {valvate prefolia- 
turn, or attivatiim in the case of fiowers), or their 
edges overlap {iwiricate prefollation) ; an inter- 
mediate form, known as the contorted or taiittd, 
is to be found, for example, in the arrangement ot 
the petals ot the Periwinkle; in this case one 
margin ot each leaf is directed obliquely inwards, 
Pio.li.— Iflat-iplneaorBn- and oovers that of the nest. Asregards the term 
btrit (uliiani, at the base ot a. of the individual leaves in the bud, CAlled the 
shoot at one year's growth, vemalion, it is distinguished as plane, when the 
I leaf-Bpine with broad snr- j^^ jg ^^j faliei ; as coaduplicate, when the two 
kniillT^AeM^'ilM^' *^™ "' ^^ •*"' "* '°^^^ inwards from the mid- 
rib (e.g., the Bean) ; as plieau, when the leaf is 
folded in unmeronslongitudiiial or slanting pleats (f.^., the Beeob) ; as crumpled, 
when the foldings and inequalities are in every direction (e^., the petals ot the 
poppy) ; as iiivoluU, when the edges are rolled inwards towards the midrib (e.g., 
the Violet); Mrecolatt, when they are rolled inwards towards the midrib on 
the tower surface {e.g., Sorrolj ; as eonDoIute, when the whole leaf is rolled np 
from one margin so as to form a single coil (t.g., Canna) ) or as eircitiate, when 
the leaf is rolled np from the apex downwards lf.g., Ferns). 

In. highly oigajiised and differentiated plants nuuiy fonns of 

Jeaf-sttnctures (phyllomes) may be diatinguiahed, for certain 
r^ona of the stem hear peciiliar forms of leaves, which thongh 
difEering in some respects, agree in their general characteristics. 
These are : 
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1. Foliage leaves, oaually kuowa Biinply as leaves (Fig. 13 L). 
This is the moat general form. These leaves are conspicuous on 
acoonat of their green colour, and in accordance ^tli theirfnnctkin 
(see § 33), they are exposed as much as possible to the sun-light. 
If they are small they are very unmerous (Conifers), and the larger 
they are the fewer they 
are (Sun - flower, Paul- 
ownift). They always 
possess a well-developed 
lamina, which presents the 
various peculiarities of 
form pteviously described. 

2. Scales or cataphyllary 
leaveg (Fig. 13 N). These 
are usually of a yellow or 
brown colour, of simple 
Btructure, without project- 
ing veins, and attached to 
the stem by a broad base. 
They may be regarded aa 
the sheaths of leaves, the 
petioles and laminte of 
which have not been 
developed ; this is true 
even in the case of those 
plants the foliage-leaves of 
which nsually develope'no 
sheaths. They always oc- 
cur on subterranean stcma 
(e.g., the scales of the 
Onion), and sometimes on 
aerial stems. Many plants 
which are not green (Oro- 

■ n .T . . ■ \ J F'»' 13.— Tbe three forms o[ Icaiea on lli 

banche, Neottia) produce Haum(Jimi™HI-|>Kum(nat.>iw)j ff theK»le.i ttba 
only cataphyllary leav^ foltags lesvea ; H a (Ub bnoU j b the eowea in Ihalr 

in addition to the floral "* • ^ *■ 

organs. The most common form in which they occur npou aerial 
stems is that of scales investing the buds of trees. In this case 
they are the lowest leaf-structures borne by the annual shoot, and 
usually fall oS aa the bud developea. 

Borne iadigenouH tresB have naked bnds without ccalet, ai 




s Vibtimua Lantana 
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and Rhamntu Frangula. The following varieties of bud-scales may be dis- 
tinguished : 

a. No true bud-scales — the investment of the bud is formed bj the stipules 
of the first foliage-leaf : Alnui ineana and Liriodendron. 

6. The stipules possess laminsB, and are covered externally by one or more 
simple scales : Poplar, Willow, Elm. 

c. The bud-scales are stipules without laminsa : within them are stipules 

with laminffi, and there may be simple scales outside of them : Beech, 
Oak (or they may be absent), Birch. 

d. The bud-scales are simple leaf-sheaths without laminsB ; the foliage- 

leaves possess neither stipules nor sheaths ; AbietinesB, Maple, Horse- 
chestnut. 

In a certain sense the cotyledons of Phanerogams, the leaves first 
developed from the seed, may be regarded as cataphyllary leaves. 
These will be discussed at a later period. 

3. Hypsophyllary leaves or bracts (Fig. 13 Hd) belong to that 
region of the stem which bears the flowers. They are smaller 
than the foliage-leaves, and are inserted upon the stem by a narrow 
base (the glumes of Grasses). They may be green or of various 
colours. 

4. The Flower is a shoot, the leaf-structures of which have been 
modified into sepals, petals, stamens, and carpels. It is peculiar 
to Phanerogams, and will be discussed when those plants are treated 
of. (Part IV.) 

§ 5. Stem-structures or Axes (Caulomes), with the excep- 
tion of the primary stem of the seedling, which is derived directly 
from the oosphere, take origin from stems of older growth; they 
usually spring, as has been shown in § 3,' from the axils of the 
leaves. As a rule, one lateral shoot is formed in the axil of each 
leaf, but sometimes more than one is formed ; when this is the case, 
the shoots are either situated one above the other, as in Gleditschia, 
or side by side, as in the bulbs of Muscari. All the shoots that 
originate as lateral buds are not necessarily developed into branches ; 
thus the buds which are formed in the axils of the bud-scales 
always remain undeveloped, and are only incited to growth when 
the other buds are destroyed. Buds which thus remain undeveloped 
for a long period, often for years, are called dormant, and the shoots 
which are ultimately produced from them are said to be deferred. 

Adventitious shoots occur on old stems, and also on roots; fre- 
quently, for instance, on those of the Poplar; sometimes even on 
loaves, as in Bryophyllum and many Ferns. 

Buds which become separate from tho parent plant before their 
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n haa be^un, and prodnce new independent plants, are 
called bnlblls; snch. are the bnlbonfl buds in the axila of tbe leaves 
of Lilium hulbiferum, and in the infioreBCencea of specieB of 
Allbm, etc. 

The typical form of the stem is cylindrical or prismatic ; in tbe 
latter case the number of the angles bears a definite relation to the 
arrangement of the leaves [ for instance, when the leaves are oppo- 
Bite and decnsaate, the stem is qnadrangnlar. Irrespectively of ifa« 
the thickenings of the stem at the nodes which separate the inter- 
nodes, a tumidity, the pululnus, usually occurs at the insertion 
of the leaf, which is very conspicuona on the branches of the Fir, 
Poplar, and Ash. 

The different forma of stems are determined by the period and 
direction of their growth, the length of their jntemodes, the relation 
of their thieknesa to their length, the form of the leaves they betir, 
and by other factors. 

The Bof t herbaceoQB biIb of annual plants ia uBoaUj known as a italk (cauUs) ; 
the terms trunk, branch, and bough are UBuallj apphed to Btem-Btructnres which 
perBiBt and increase in thickneas tor several yearB. The latter are buiU up ot 
BUdceasive annual atoots-, for, during the timewlien growth is inaative, which 
in our cliniate ia in the winter, tba apical and the lateral ahoots remain qoies- 
cent iu the condition of bads. Tha loweat interaodea of each annaal shoot are 
short, particulailj those which Ue among the bad-eoaiefi, bo that the limit between 
the ahoota of two anceeasiTe years ia easily recognised even in old branches by the 
oloBe arrangement of the Bears of the fallen bud-scaleB, The other intemodes of 
the annaat aboot are longer nearer the apei, but are aometimes short again close 
beneath it, as in the Oak, so Ihat the leavea and lateral bnda aj^ crowded below 
the terminal bud. 'When most, of the intemodes are elongated, as has bEcn 
described, the structnre in guostion is an ordinary shoot: bat on many trees 
tbere are also daarf-shooti. These are annual ahoots the intemodeB of which 
have hardly elongated at all, and usaally bear no lateral Ehoota ; such are tbe 
■hoots bearing the fascicled leaves of the Larch, which spring from the aiils of 
the leaves of an ordmar; shoot ot the same year: they usaally elongate but 
slightly each year, but shoots of this description may, under certain circuiu- 
stances, develope into ordinary shoots. In the Scotch Fir. these dwarf -shoots bear 
only two green aeioular leaves iu addition to scales, and arise in the aiils ot tbe 
Bjoly leaves ot an ordmary shoot of the same year's growth. In forest-trcea, 
these dwarf shootB occur especially in advanced age, or when their growth is 
Btonted ; they are very conspicaoas in the Apple and the Pear, and other simiiar 
trees, and are the only parts of the tree which produoe Bowers and fruit. 

Tha stem of herbaceous plants ia usually erfcl, but sometimeE it isproiifraM, 
KB in Thyme; when, in this case, roots grow from tbe nodes, it is caUed a crrrp- 
(nfl ilriR laoboltt, Fig. li E] Siftlont are long, slEnder, lateral aboota which 
grow close upon or under the surface ot the soil and take root again at some 
diatsnue from the parent plant {e.g., tbe Strawberry, Fig. 14 D). Tainmg or 
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climbing •lnn$ ere sterna whioh prodoce leaves aud flowers, and at tlie same time 
grow opwu-dfl round upright supporta (Fig. IS £), aa tlie Hop. BeOD, CddtoI- 
volns, and others (v. § 48). Other plants climb by meana of tendfilt (oirriiil, 
i.f,, slender, filifomi, lateral sliootB with oaij minnte scale-tike leaves which 
twiat apirally round foreigD bodies (Fig. 16 A), as in the Tine, Virgioia creeper, 
Passion flower, etc. 
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Manj sxitl stractoreB become thorta, being metamorphosed into liard, sharp- 
pointed bodies. Sometimes the apex r>t a abool is ntodiSed in this wa; aitec 
it has produced 
leaves, e.g., the 
Bloe (Fig. 16). or 
certain lateral 
sbootB are de- 
veloped SB thome 
Irem the first, as 
in Qleditscbia, in 
nbich plant se- 
condajy thorns 
also are developed 
from the aiila of 
seal; leaves. 

With regard 
to tboBo Bubter- 

monl; known as 
. and bear 
the most 
part cataphyllai; 
leaves, the most 
important va- 
rietiea aie — the 
rhizome, which 
diflere bat little 
from tbe ordinary 
typical stem; it ' 
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ri tbe agiper one bean email ImtTSe k und brancbciii tb 

I bss boeonie nttacbed li> a snppan ■ and has rolled □ 

pi rati]-; (ti peliales; intbli CB«Ihe tendrils aro brencliei nfaicb oi 



aometimea green sr^ fiM 

be fuller, which ^^fc] '^ T Wfl 

>ars only minute 5~~^<^^^3B^^^^B9 

10 Potato and ot f ^^jJ^H 

irtioholte] (Fig. "^^K 

^ consists o( a Hj 



new agiial, horhaceaas stallcs aod aometimea green 
leaves every year (Fig. 14 C) : tbe tubfr, which 
grows greatly in thickness and bears only 
scaly teavfls ; e.g., tbe tubers ot the Potato and ot 
Ilelianthui luberoiui (Jemaalem Artichoke] (Fig. 
11 .i It) : the bulb (Fig. 14 B), which 
flat discoid alis {k) bearing nnmerons crowded and 
overlapping leaves (s) K.g., tbe Onion and Tulip, 
anJ the conn (Crocua) in which the aiia is larger 
and tbe soalea leas nnmerons and more deUcate. 

Tbe form of stem which differs moat widely from 
the ordinary type is the phyHoeladf, which re- tbe branch i, in 
■emblefl a leaf in its appeatanos, and bears only Inww, tbe boat, 
I rery email tne leaves, e.g., tbe biaoches of ItiiaeaB and Fbylkntbi 
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Cactns family there is the greatest diversity in the form of the stem ; it may be 
leaf-like, spherical, cylindrical, oolamnar, etc. — ^bat in all oases the leaves are 
mdimentary. 

§ 6. Development of Branch-Systems. Just as it is pos- 
sible to ascertain the laws goyeming the relative positions of all 
members growing in acropetal succession from a study of the leaves 
(which are always developed in that order), so the study of the 
branching of stems will lead to the general laws which regulate 
branching. By hromching is meant the production of similar mem- 
bers : — ^thus it is an instance of 
branching when a root produces 
a lateral root. Any member 
with its branches composes a 
hranch^ystem, and every branch- 
ing member is, with reference to 
its branches, the ascis of a sys- 
tem. The following types of 
branch-systems may be distin- 
guished, according to the ar- 
rangement of the members : 

1. The branching is termed a 
Dichotomy or Polyotomy, when 
the direct apical growth of a 
member ceases, two or more 
growing-points which are equally 
vigorous, at any rate at their 
first development, being formed 
. , at the apex. The member which 

Fig. 17.— Diagram of the yarioas modes of ii_ i t_ • n j j.i 

development of a Dichotomy. A One deve- bears the branches IS called the 

loped by bifurcation. B Helicoid dichotomy; bas^ Or vodium, and each of 

here the left-hand branch is always more . i i -i i , i 

vigorous than the right (r). c Scorpioid *^®se branches may become the 

dichotomy; the right and left branches are base of a new dichotomy or 
alternately more vigorous in their growth. i . rn-L •j.i 

polyotomy. They may either 
continue to grow with equal vigour, and then, in the case of a 
dichotomy, the branching remains distinctly bifurcate (Fig. 17 u4), 
or the system may become aympodial, if at each bifurcation one 
branch becomes more strongly developed than the other : in such a 
case the bases of the successive bifurcations appear to constitute an 
axis, which is called the pseud-axis or sympodium, on which the 
weaker branches appear as lateral branches (Fig. 17 B.G), The 
sympodium may consist of bifurcations belonging to the same side 
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of the snccessiye dichotomies, either to the left or to the right (Fig. 
17 B)y when it is said to be a hdicoid (Jbostrychoid) dichotomy^ e.g,y 
the leaf of Adiantum pedatumy or it may consist alternately of the 
right and left bifurcations of snccessive dichotomies (Fig. 17 0), 
when it is said to be a Bcorjpioid (cidnaV) dichotomy, 

Dichotomoas branching is rather uncommon, and scarcely ever occurs in 
leafy shoots: it occurs in the roots of the Lycopodiea and in the frondose 
Liverworts. 

2. The branching is said to be racemose when the member con- 
tinues to grow in its original direction, and produces lateral 
branches in acropetal succession behind its apex; it is therefore 
the common base of all the lateral shoots, and hence the system is 

termed mono- 
podial. It is 
evident that 
this mode of 
branching 
must occur 
in all stems 
the lateral 
branches of 
which are de- 
pendent, as to 
their position, 
upon the ar- 
rangement of 

Tib. 18.— Diagram of a False Dichotomy or Dtcbastnm ; the Boman ±r^Q leaves, and 
nomerala indicate the order of development of the shoots of the ^ 

system. Those numbered n' and IT' are equally yigoroos, and much are therefore 

more so than the primary axis I. (FromSacbs.) developed in 

acropetal succession. Each branch may subsequently branch again 
in the same manner. The primary axis continues to grow more 
vigorously than the lateral axes, and each lateral axis stands in the 
same relation to the lateral axes. 

3. The branching is said to be cymose^ when at an early stage the 
growth of each lateral axis begins to be more vigorous than that of 
the primary axis above the point of origin of the lateral axis, and 
when the lateral axis becomes more copiously branched than the 
primary axis. Hence two forms may arise : 

(a) there may he no pseud-axis ; this is the case when two or miore 
lateral axes are developed in different directions and grow with 
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nearly eqnal Tigonr (Fig. 18) and more vigoi^3iiBly than the primary 
axis, 'which soon ceBses to grow ; suck a system Has a certain resem- 
blance to a dichotomy or polyotomy, and is called a false dichotomy 
(Dichaeiaiii) or a fahe polyotomy (Polychaeium) : or (/3) a psaudr 
axig is farmed; this takes place when only one lateral axis derelopes 
Tigoronaly in each case, as in Fig. 19 A, where the lateral axis 2 has 
grown more Tigoronsly than the mother-aiis 1, and bo on. (In the 
diagram the dark lines indicate the more vigorous growth.) The 
psend-axis -which is thus fonned is at first crooked, bnt in moat cases 
it snbseqaently becomes straight (Fig. 19 A becomes B). It the 
stronger growth always occurs in the lateral shoots of the same 




I SoorploM (oldnal) 

df me. C DlebMiol eymg. D Hslloold (boatiyshfdd) vjiaa Tbs Damanla indicBta the 
Older at aacMBBion of ths latcnl itaooU vhich ipriug from eaob other, (Figs, A. B knd O 
ire gTonnd.pluu] Fig. U > projection Into the plane of ths papoiO. 

side, the system is called a heticoid a/me (Fig. 19 D) ; if alternately 
in those of both sides, it is called a tcorpioid cyme (Fig. 19 A B). 
Such a branch-system is said to be eyvi^odiat. 

As emmples of these T&rioag modes of branobing, the InfloreBoenoeB, vhicb 
will be troaiedof mbseqneutlj (Fatt IT.], maj be eapecUll; mentioned ; (he 
folkiwiitg are seleoted from th« vegetatiTe organe : 

Saeemoie branohing ie Ter; evident in Coniteis ; the tronk is always more 
itroDgl? developed than its lateral Itrauohea, and these than thur lateral branohes. 

Falie Dlehotmny U eibibited in the stem ol Tisoom, the apex of vhioh either 
lerminatea in a flower or e!«e dies ; only the aiillaiy bnda of the two leaves de- 
Tslope into new annual shooli. As regards the arrangemeut of the annnal abooti. 
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the aame oooiwb ia Syriaga, in which the ajdllacy buda of the nppermoat pair of 
leayeB form the caatinuationB of the fltem, whilst the tenniDal bud dieb ; also ia 
Bhamnia caiharticiis, iu which Che main niis ia metomorphnaed into a. thoru. 
Ill thia cose the brimahing al iiacll unuDal shoot ia lacemoac, but the aucccaaivo 
annual ahoota form a eyme. 

The BiioceaBion of the Brmaal ahoota of man; treea, as the Birch, Eha, Beech, 
and Haitel, aSords eiamplee of the tyntpodial cyme ; ia thoae, each aouoal ahoot 
either tenmuates in a Bower, or it dies, and the uppermoat lateral hud forma its 
oontinuatioD. Here iLlao the hrauohiug of each annual ahoot, apart from its 
apex, ia racemose. 

§ 7. The term Root in its botanical sense ia not applicable, as 
in ordinary parlance, to any snbterranean part of a, plant, bat only 
to thoae members of a plant which are developed endogenousiy, 
which produce no leavee, and which 
Lave their growing-point protected by 
a pecnliar atmctnre, the root-eap (Fig. 
20 /*). The outermost cella of tho 
root-cap are thrown off while 
ones are continually being formed at 
the growing-point. 

Boots only occur in such plants as 
posBCfls fibro- vascular bundles, and 
they themselvea invariably contain 
Btioh bandies ; only a few vascular 
plants are entirely deatitnf* of roota 
(Salvinia, Letnwi arrkizn, etc.). The fw, M.— The sifle roots «, tiro-™ 
term primary root (tap-root) ia applied ""^ '"'m the pertoainbiiini or ihe lap- 

to the root of a youag plant which „„ ,n^^g^ 5 timoa.) / FibrgynMnlar 

lies in the same straight line as ita bonaisa. t CorWi o[ ihe miin root. 

, ' j.i_ TT I ri h Hoot-can r>t bba iBitenl root4. 

primary stem ; in the Vascuiar Uryp- 

togama and in the Atonocotyledons it remains small, and it ia only 
in the Dicotyledona (to which gronp the Bean, the Tobacco, tho 
Hemp, and the Oak belong) and iu the Gymnospomia, that it 
attains a considerable size in proportion to the rest of the plant. 
All the other roota — the eeeandanj and the adventitiaas — originate 
laterally upon the primary root, op from the stem, or even from 
leaveB. They invariably originate from an internal layer of tissue, 
and then break throngh the external tissues. On anatomical 
grounds (§ 25), the lateral roots are arranged in longitudinal rows 
on the main-root ; at a later period, however, numerous adventitious 
roots are Buccessively developed here and there between the oi-iginal 
lateral roots. 
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The primitiye form of rootf is ihst of an doogated c^inder ; only those roots 
which undergo a gradual growth in thk^kngii and at the ■ame time heeome 
succulent acquire a spindle shape, e^.. Beetroot, or exhibit tuberous sweDings, 
e.g.t the Dahlia. The airial rooU of many tropieal plants, sodi as Tree-Fems, 
Orchids, and Aroids, which serre to attach them to taQ trees and other supports, 
are physiologically different from true roots. So, too, are the dimbimg roots of 
the Ivy, which grow dose together from eertatn parts of the stem and remain 
quite short, serving as a means of secure attachment to waDs and tree-trunks ; 
also the ttLeker-roots of many parasitic plants, e.y.. Dodder (Cuseuta), which 
penetrate the tissues of the plant which nourishes them. 

§ 8. Hairs or Trichomes are organs whicli are defveloped from 

the epidermis of a member. This cat^ory includes not only hairs 

in the strict sense of the word, snch as will be described hereafter 

in § 29, but also many reprodnctiTe organs, snch, for instance, as 

the sporangia of Ferns. 

PriekUs, such as those of the Bramble or of the Bose, 
are usually included among trichomes (Fig. 21). They 
differ from true hairs in that they are formed not from 
the epidermis only, but from the subjacent tissue also, 
but they agree with them in that they are not arranged 
in any regular order, and are not the result of the mo- 
dification of certain members (caulomes or phyUomes), 
as is the case with thorns and spines. Like the hairs they 
are merely appendages, the occurrence and arrangement 
of which does not materially affect the general structure 
of the plant. In order to indicate the fact that they are 
not developed in the same way as true trichomes, prickles 

Fio, 21.— Prickles cm gjj^ allied structures (warts, tuberdes, etc.) may be de- 
the stem of the Bramble, •^^^i.^j ^„ r» 
Eubtt. /ruticom (nat! «^«^^^ ^^ Emergeneet. 

g{2e). ^® ordmary hairs may be simple, or compound, they 

may be stellate, they may be hardened and elongated 
(Bet89), or they may be glandular. According to the nature and number of the 
hairs upon it, a surface is said to be piibescent (the flower-stalks of the Prim- 
rose), pilote (leaves of the Sunflower), hirtute {MyototU sylvatica), setose 
(Borroge, Eohium), villous {Anemone Pulsatilla)^ tomentose (leaves of Petasites 
niveus and spurius), tilky (leaves of Salix alba), toooUy {Stachys germanica). 
If there are no hairs upon it, it is said to be glabrous, 

§ 9. The body of the lower plants (Alg89, Ftingi, and many 
Liverworts) exhibits no difEerentiation of stem, leaf, and root. It 
possesses organs which serve, like the roots of the higher plants, to 
fix the plant to the soil and to absorb nntriment, and frequently it 
exhibits branchings which resemble leaves ; bnt these structures do 
not properly belong to the two categories as defined in § 1. Snch a 
body is termed a Thalltu, A thallus may, and very frequently does, 
bear true trichomes, such, for uistanco, as root-hairs. 




PART II. 
THE AK'ATOMY OP PLANTS, 



§ 10. Tlie members of the plant wHcli have been described in 
Part I. agree, as to their external stmctnre, in this, that they all 
consist of cells or of stmctnres formed by the modification of cells. 
The cellular structure of the parts of plants may be easily observed: 
a section seen with even a low magnifying power shows cavities 
separated by walls. Sometimes it is possible by mere pressure to 
separate the cells forming a tissue, as in the case of the ripe Snow- 
berry (fruit of Symphoricai-jnoa racemostts), when they appear as 
closed vesicles filled with fluid. Certain cells always occur isolated ; 
thus the pollen consists of isolated cells. The form and develop- 
ment of cells, the mode of their combination to form tissues, and 
the resulting texture of the tissue, may vary greatly. Since the 
variety of the tissues depends upon the development of the cells 
composing them, it will be advantageous to study cells, as such, 
first, and then the tissues. 



CHAPTER I. 
THE CELL. 

§ 11. The Structure and Form of the Cell. In a well- 
developed living cell the following three principal constituents may 
be distinguished : 

(I). A firm elastic membrane, closed on all sides, the celUwall 
(Fig. 22 h)y which consists of a substance peculiar to itself, called 
cellulose, 

(2). A layer of soft substance, the protoplasm^ lying in contact 
with the inner surface of the membrane, and, like it, closed on all 
sides; this always consists of albuminous substances (Fig. 22 Op). 
In all the higher plants at least, a nuclew (Fig. 22 Ok) occurs 
imbedded in it. 
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3Qi:e. Ac this period 
Che prntDpIaam filla 
the whole cell ; the 
ceil-^up makea its 
appearance in the 
coUTBe of develop- 
ment, at first (Fig. 
22 fi) ui the form 
of email drops. 
These, wkile the 
whole cell increases 
in size, gradaally 
&!so and 
coalesce; while at 



absorbed into the 
peripheral layer. 

In this way these 
ceils attain the con- 
dition in which they 
nntil the 

IS dsKTiptlmi aboat » mm. above ifaa of which they form 

' part. They may be 
■a the right buiow taken as examples 
!ellioth.le(t(»;o»iEiii of the cells which 
Is opened bj the aection; 

compose tne sncou- 
(»vJ- tCopieiHrom lent parts of plants, 
such as the cortex 
stems and of roots, and frnita. Other cells, as for instance those 
wood and cork, pass beyond this Etage and become still fnriiher 
idified J the coU-sap and protoplasm disappear, bo that at last only 



But whOat cells of the 
e capable of carrying on 



th 
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or water is contained within their walla, 
former class, fnmiahed with protoplasm 
osmotic and chemical processes, and, under certain conditioi 
ing rise to new colls, — that is to say in short, of living;, — matnre wood- 
cells, devoid of protoplasm, are no longer capable of performing these 
functions j they are 
of nae only in virtue 
of the firmness and 
other physical pro- 
Arties of their 
walls. Hence the 
protoplasm is to bo 
regarded as the 
living body of tho 
cell. Indeed, there 
are cells which, ^1 
-when first formed, 
oonsistonlyofnaked 
protoplasm, and 
they occur precisely 
in connection with 
the most important 

il function of 

organis m— that 
of reproduction. 
Such cells are 
ierraed primordial 
eelU (Fig. 37 B). 
They subsequently 
become snrronnded 
by a membrane withsirongiyiiiickBnei 

hy the protoplasm, ttea of Hiivmtbu iuMtoiiu ( x 3»» oc 

From this it ap- "nil ' "* «°«un» of ^b aluorbcd sopla m yiaiblo. 

pears that the cell-wall, as well as the cell-sap, is a product of tho 

tital activity of the protoplasm. It has been attempted to express 

e essential characters of the cell by describing it as a mast of 

dng ■pTotoplofm which usTially siLrrounda iUelf with a firm membrane, 

\d takes «p fiuii into itself . 

VariouB as t&e internal arrangements of the cell may be, its size 
td form may vary quite as widely. While some cells are so small 




bul-flbre. 
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that little more tlian their outline can be discerned with the help 
of the strongest magnifying power (about 0*001 of a millimetre in 
diameter), others attain a considerable size (from 0*1 to 0*5 milli- 
metre), so as to be distinguishable even by the naked eye (for 
example, in the pith of the Dahlia, Impatiens, and Elder (Sam- 
bncns)). Many grow to a length of several centimetres, as the hairs 
upon the seed of Gt)ssypium (cotton) ; others finally, as in some AlgsB, 
where the whole individual consists of a single cell, attain still larger 
dimensions. 

The Form of such cells as constitute an entire individual is often 
nearly spherical, or ovoid, or cylindrical ; but they may also exhibit 
a highly complex conformation, in consequence of the assumption of 
quite different forms by the various outgrowths of one and the 
same cell. The various organs of highly organised plants consist 
of very different cells, and even in the same organ cells lie side by 
side which are of very different form, and which are filled with 
somewhat different contents, for diverse functions have to be per- 
formed by a single organ. The cells in such a case are sometimes 
spherical or polyhedral, with nearly equal or slightly differing 
diameters (Fig. 22 0, as in pith, in juicy fruits, and in fleshy tubers) ; 
sometimes greatly elongated and at the same time excessively narrow 
(Fig. 23 A and B), as in wood, in bast-fibres (Flax), in many hairs 
(Cotton). Longitudinal rows of cells frequently combine to form, a 
special organ by the absorption of the transverse septa which 
separate their cavities (Fig. 23 G) : it is thus that the vessels, as they 
are called, are formed. (See § 22.) 

§ 12. The Cell-wall consists of cellulose, water, and inorganic 
constituents. It originates and grows in consequence of the secre- 
tion of these substances by the protoplasm. The growth of the 
cell- wall takes place both in extent and in thickness ; it is effected 
by the intercalation of additional particles of solid matter between 
those already existing in the membrane.* 

By its superficial growth the surface of the membrane and con- 
sequently the whole volume of the cell, is increased ; so much so 

* This mode of growth by intercalation of new solid particles between the 
existing particles is known as intustusception, and is essentially different from 
apposition, — that is to say, the deposition of new particles upon the surface of 
the growing body, as in crystals. This phenomenon is closely connected with 
the idea that in the cell-wall, as in starch granules and other organised bodies, 
the solid particles must be couceived of as being surrounded on all sides by 
water. 
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that the volnme of the cell not unfreqnently becomes a 

fold greater. Thas, for instance, in a leaf enclosed in t 

the celle, of which it will consist when 

matnre, all esiet already, and it is by their 

Bimnlt^ieona increase in Tolnme that the 

leaf attains its nltimate size. In the rare 

cases in which the superficial growth is 

equally great at all points, the cell preserves 

its original form, but nsnally the cell-wall 

grows more vigorously in certain parte than ^t'^^ZTZ^^^^ 

in otiiers ; thus, for instance, a primarily mom iphencBi snrCHw of the 

spherical cell may become cubical, tabular, "T"^!: ^ <^"^*^ "^ 

* J ' ' rldgoUka proj«tiotim pro- 

cylindrical, tubular, fusiform, and eo forth. longed into spines, ua tonn- 
The growth in tkieknm of the cell- wall in« » lowork. {AiMr Seoin.) 
is also rarely uniform ; the cell-ivall commonly becomes more 
thickened at some points than at others, and thus acquires in- 
equalities of surface. In the case of isolated cells or of free cell- 
walls, the prominences existing in this way on the external snr- 




ris. 34.— Ripe pollSD-gnln 





Tia. £0.— A cell vith 
pined wbIIb from the 
wood of the Elder (Sam- 
bDCOS). A loDgltDdiaiil 
Bectioa showing Uie pita 
in the lateral walls u 
ohannels, a; end in the 



Fis 17 — Transverse sec 
lion of a bast cell from the 
root or Suhlia ninottlufx 
800) Ithaoell-cavlt; ITpit- 
cbBDiielB which penetrate 



by wbieh u inner ■j'stsm at 
lafen hae become eepaialed. 
(Copied bom Sschi.) 



face appear as warts, tubercles, knots, etc. (Fig. 24). Cells that 
are united to form tissues have their inequalities ou the internal 
surface of the cell-wall ; the prominences sometimes have a defi- 
nite form and project into the interior of the cell ; such are the 
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annular (Fig. 25 r) and spiral thickenings (Fig. 25 *) of tlie walls 
of certa«in vessels ; in tlie so-called reticulaied cell- walls, the thicken- 
ing is in bands which are nnited into a network, so that circular or 
oval thin spaces are left. In other cases, solitary and relatively 
small thin spaces are left in the wall in the conrse of the growth in 
thickness, which appear, when seen on the external surface, as 
bright spots, commonly called pits, and are seen in section to be 
canals of greater or less length, according to the relative thickness 
of the walls (Figs. 26 and 27). Very frequently the pit, when seen 
from the surface, presents the appearance of two concentric circles 
(Fig. 23 C) ; for this reason, that the opening of the canal into the 
interior of the cell is narrow, whereas the external opening is broad. 
Such bordered pits occur in the wood-cells of Conifers (Fig. 42) ; in 
the walls of many vessels (Fig. 23 G) ; and elsewhere (Fig. 41). 
The scalariform thickening of the walls of many vessels arises from 
the regular and close arrangement of bordered pits which are much 
elongated transversely. 

The cell- wall shows indications, in many cases very plainly, of an 
intimate structure which depends upon the regular alternation of 
more and less watery layers ; this displays itself in transverse and 
in longitudinal section as concentric stratification, (Fig. 27), and on 
the surface as striation. 

Thin cell- walls generally consist, as regards organic substance, 
entirely of cellulose, which assumes a blue tint on the addition of 
iodine and sulphuric acid. In thickened walls it frequently happens 
that certain parts, composed of successive layers, consist of modified 
cellulose. The principal modifications are the following : — 

(1). The cellulose may be converted into cork (cuticularized). 
The cuticularized cell- wall is extensible, highly elastic, almost im- 
permeable to water ; it turns yellow when treated with iodine and 
sulphuric acid (examples, the cells of the epidermis and of cork, 
poUen-grains, spores). 

(2). The cellulose may be converted into lignin. The ligneous 
cell- wall is hard, inelastic, it is easily penetrated by water, but it 
does not absorb much ; it turns yellow when treated with iodine 
and sulphuric acid (examples, wood-cells). 

(3). The cellulose may be converted into mucilage. The muci- 
laginous cell- wall is, in its dry state, hard or homy; it can 
absorb a large quantity of water, and at the same time it increases 
greatly in volume, becoming gelatinous ; it usually turns blue with 
iodine and sulphuric acid (examples, linseed and quince mucilage). 
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Those TOodifioationa mriy occur either singly or together in the 
different layers o£ one cell-wall. 

Mineral matters are also frequently deposited dnring growth in 
conBiderable quantity in the cell-waU, particularly salts of lime and 
silica ; they are usually intercalated between the solid organic par- 
ticles of the cell-wall, so that they cannot he directly detected, but 
remain after burning as a sfeeleton which retains the form of the 
cell. Silica is present in the stems of Grasses and of Equiaetacefe. 
Calcium carhonate sometimes occurs in a crystallized form (as in 
the epidermis of the TJrticete), and calcium oxalate also in well- 
defined crystals (§ 18, Fig. 34). 

The Protoplasm consists principally of albuminons snl> 
(proteids), water, and a small proportion of ash constituents. 
'^ it is the seat of all the vital phenomena and nutritive processes 
of the cell, it must obviously contain within itself at different times 
all tlie other chemical constituents of the organism. Sometimes it 
appears homogeneons and transparent, bnt it is generally more or 
less granular in consequence of the presence of drops of oil, of 
starch grains, etc. It is of a tenacious consistence, Gometimes firm, 
sometimes almost flnid, but it is never a true fluid. When the 
protoplasm encloses granules, an outer layer free from granules can 
be detected, which is frequently very thin ; this is called the ecto- 
plasm, the inner granular portion being known as the endoplaim. 
Frequently a part of the water which saturates it collects to form 
vacuoles; when these coalesce and the cell-sap fills the greater part 
of the cavity of the cells (Fig. 22 s), the protoplasm forms merely 
a layer within the cell-wall, which has been termed the primordial 
ufnVfe. Living protoplasm will neither absorb colouring matter 
dissolved in water, nor allow its passage, but dead protoplasm has 
no power to hinder its diffusion, and even takes it up iu considerable 
quantity. 

Tlie micUus, on account of its constitution and position, is essen- 
tially a part of the protoplasm ; it is apparently wanting in certain 
groups of lower plants (in some Fungi and Algce). It contains one 
or more much smaller bodies called nucleoli (Fig. 22 A k Ic). 

The movements of the protoplasm are among the most remarkable 
of phenomena. In many cells currents may be perceived which 
flow from the nncleos outwards, towards the peripheral protoplasmic 
layer (CiTculation) ; or the whole peripheral layer of protoplasm is 

rapid movement along the walls of the cell (Sotation). Naked 
irdial cells, as for instance, swarm-sporea and antherozoids, 
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swim about in the water in whioh they live, rotating at the e 
time on their own axes. The eo-called plasmodia of Myxomycetes 1 
exhibit an amceboid movement ; that is, the naked mass o£ jiroto- 
plttsm continually changes its ontline, new protrnsiona are thrown ' 
out from the centra! masB, whilst others are withdrawn, and it thaB i 
moves slowly from place to place ; at the same time a rapid motion | 
of the grannies within the maaa is going on. 

§ 14. Crystalloids. Sometiiuea a part of the protoplasmio I 
Enbstance aasamea a crystalline form ; bodies are formed which ara | 
bounded by plana sui-facos and which have an angular outline, 




rto !B.— CoUa from the enflospurm 
J!innmcamniunw(K BOO). ^ troBh, 
thick RlTCorino. B in ailotB glycBrino, 
vt«noefl in ulycerlnB. D attar ti 



eatrorad by sulphuric 



Ihin section through 

knoeutrlcallj ilratLllfld 
idB (duI; tbraugb)} the 



bearing a, very close reaemblaccB to certain crystals, for the most 
part cubical, octahedral, tetrahedval, or rhomboidal (Fig. 28) ; but 
they are essentially different from tme crystals, inasmuch aa they 
are capable of swelling-np, that is to say, of increasing considerably 
in volume when treated with various reagents. Such crystalloidfl 
occur, for instance, in the tuber of the Potato, in the aleurone- 
grains of oily seeds, in red marine Algffi, etc. 

§ 15. Aleurone-grains. In oily seeds more especially, the ■ 
protoplasm is aggregated into Bphorical granules of various sizcw, ■ 
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which lie in a matrix of albaminoas and fatty matter. These are 
the Proteid- or Aleiirone-graiiiB. These granulea consiat of alba- 
minons sabatances, and almost always enclose other bodies (Fig. 
28 0) ; these are the above-mentioned crystalloids, and peculiar 
email round bodies, the globoide, which consist of donble phoephato 
of lime and magnesia. These bodies may occur separately or together 
in the alenrone-graina, according to the kind of plant. In seeds 
which are rich in starch, the spaces between the largo atarch-graina 
L«re filled with similar bat much smaller grannies (Fig. 29), 
■ § 16. Chlorophylhcorpuscles. The greea colour of most 
f parts of plants is pro- ^ 

dnced by the presence of 
green grannies, called 
ChloTophyU-eor^iiseles, in 
certain cells (Fig. 30). 
These are composed of a 
colonrless gronnd-sub- 
stance, thronghont which 
a small qaantity of a 
green colour iog-matter 
called Chlorophyll is dis- 
tribnted. If this colonr- 
Ing-matter be extracted 
by a solvent, such as al- 
cohol, the colonrless cor- 
pOBcle remains unaltered 
in size and form. The 
corpoecles are always im- 
bedded in protoplasm, aud 
their gronnd-snbstanee is 
only a specialised portion c 

of the protoplasm. The &™«'"""'«"T"«'"""™gm»a.y.MB. 
corpuscles do not always occur in the form of grannies ; in some of 
the lower AlgK the whole of the protoplasm, with the enception of the 
ectoplasm, is colonred green ; in others, the coloured part of the proto- 
plasm nssnmea a stellate form (Fig. 76 A), or it exists in plates (Fig. 
?6 B C) or spiral bands (Fig. 40 cl). These green-colonred portions 
ot the protoplasm are all incladed nnder the general term, chlorophyll- 
corpnscles. Under the influence of sunlight starch-grains are formed 
in the interior of these chlorophyll-corpuscles, which often grow so 
large that the substance of the chlorophyll-corpnecle ia only diecem- 
ible as an extremely delicate layer covering the contents (Fig. 31), 




IB. 30,— Cbloropliill-corpaPOlea in Ihe pmtnplBi'in 
cellB Df She prothalliuiD ot a Fern. A OpUcal iiecii 
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The ultimate fate of the chlorophjll-corpuficles is to be absorbed, 
as happens, for instance, in the cells of leaves before thej fall, and 
nothing then remains but small yellow grannies. 

The green colouring-matter, the chlorophyll, is mixed, in many 
famiKes of Algte, with other oolooring-matters, and the coloured 
protoplasm appears bluish-green, olive-green, dull yellow, or red. 
Occasionally the chlorophyll itself undergoes modification and be- 
comes red or yellow, and the form of the corpuscle changes at the 
bame time, as in the ripening of many fruits, which are at first 

green and then become yellow or 
red; e,g^ the Tomato {Lycopenicum 

®KO^Bk ^^ escule^itum). 
^tf ^^ ^ Closely related to the chloro- 
^^ phyll-corpuscles are those proto- 
^V ^^^k ^flB plasmic bodies which are tinged 

^I'tv'P v^l^B ^9 with a yellow colouring-matter, 

^ \i -^ xsap^ ^^ ^^^ cause the yellow colour of 

many flowers; e.g.y the Dandelion 
{Taraxacum officinalis). 

Fia. 31. — Separate Chlorophyll -oor^ x xi_ ^i^ 

pnBclee with starchy oontento from the ^ ^^^^^^7 <»ses the green OOloUP 
leaf of Funaria hygrometrica (660>i a A of different parts of plants is dis- 

'^Z'^^T^lZ'^.oTZXL g-^, by the presence of other 
ia which the starchy oontents fill aimoet coloanng-mattera which are in solu- 
the whole .p«e /and , .fi« mwentioii ^j^j^ ^ ^^ ceU-sap, as in the leaves 

in water by which the sabetance of the ^ -l tt- • • 

oorpoBcle has been destroyed and only the of Amaranthus and of the V irginian 

Btarchy contents remain. (After Sachs.) Creeper at the end of the summer. 
§ 17. Starch-grains are small hard granules, usually round, 
oval, or lenticular, consisting of starch, water, and a small propor- 
tion of incombustible ash, which occur in certain cells of almost all 
plants. The tubers of the Potato, the seeds of cereal and of legu- 
minous plants are especially rich in them. They can be extracted 
by maceration from the organs in which they occur, and then ap^ 
pear to the naked eye as a white powder, which is known as Starch. 
Starch belongs, like Cellulose, to the carbo-hydrates. It may be 
easily shown that each grain consists of two substances, of which 
the one, Qra/nuloaey can be extracted by saliva or by dilute acids, while 
the other, Starch^cellulose, remains as the skeleton of the grain. 
The former turns blue with iodine alone, the latter only after treat- 
ment with strong sulphuric acid. When boiled with water or when 
treated with potash, the grains swell enormously and form a paste. 
The substance of the starch-grains is always disposed in layers round 
a centre, the hilum^ and this disposition in layers, as in the case of 
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walls, IB the result of the regular alternation of dense layers 

'■■with more watery layers. The hitam is the moat watery portion of 

the whole grain. From their first appeai-ance the statch-grains are 

firm, solid bodies. So long as they coutinne to grow, they a 



a of t!ic cell ; it 






ways connected with the protopli 

stage that they lie free in 

the cavity of the cell. Their 

growth does not pi-oceed by 

the deposition of new layers 

upon the exterior, but by tlie 

intercalatioa of new particlea 

if solid matter between those 

hjch already exist. Besides 

iple grains (Fig. 32 A), 

im.poiind grains occur, whicFi 

formed by the develop- 

t of new hila in an oi - 

lary grain, each with it-; 

system of layers (Fij'. 

J}). If, in such a case, tl i, 

.ema! layers which enclosi- 

whole mass are of con- 

lerable tbictness, the grain 

is said to be semi -compound 

(Fig. 32 B). By pressure 

the compound grains may be 

,.plit »p iilo tliBir »mponenl ,~ '('r^r^'Cu^Z"; 

■anules. The so-called spa- purtially oomponnd Brain; CD pe 

iouBly-Compound grains are P°°°^ B™^' ^ " "'''" «"^ ' 
■ -I » iv .L "hiohbaadrndaai attvery TOBng 

iTOry BUnilar to these ; they oliJer gtaln, c a win oWor gmin witli divided 

consist of several grains which '^i'™- (Copied from sacbe.) 
have become adherent in consequence of mutual pressure ; they 
frequently in chlorophyll -corpuscles (Fig. 31). Starch- 
are formed in plants to be subsequently consumed in the 
es of growth and of nutrition ; they are frequently stored for 
long time in certain organs, as in seeds, roots, and tubers, and 
■when they are requii'ed for consumption on germination or on a 
renewal of the growth of the plant, they are absorbed. The 
forms of the starch-grains are characteristic in difFerent kinds of 
plants ; thus those of the Potato (Fig. 32) are eccentrically oval, 
those of leguminous plants (Fig. 29) concentrically oval, those of 
nye, Wheat, and Barley lenticnlar. 
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§ 18. Crystals (see also p. 31) are frequently fonnd in the cells 
of plants : they sometimes consist of calcinm carbonate ; for example, 
the crystals in the protoplasm of Myxomycetes and the crystalline 
deposit in the cell- walls of certain UrticesB. In these plants there is 
generally a peculiar clnb-shaped ingrowth of the cell- wall of certain 
cells which projects into the interior of the cell, in which the cal- 
cium carbonate is deposited : these are called Oystoliths. All the 
other crystals hitherto recognised consist of calcium oxalate, which 
crystallises in two systems according to the proportion of water 
which it contains ; to the one system, the quadratic, belong the 
ootahedra (Fig. 33 A;), to the other, the clinorhombic, belong the 
acicular crystals, which are called Rajphides, and which occur, united 





Fio. 31.— Crystals of caU 
dam oxalate in the wall of 
the bast-cells of CtfpHalotoama 
Fortwnei ( x 600, after Bolma). 



Fie. 33.~Crj8talB of calcium oxalate in the cells of the petiole of a Begonia (x200). 

lie Solitary crystals j dr duster. 

into large bundles, particularly in Monocotyledons. Besides well- 
formed solitary crystals, aggregations of them also frequently occur. 
These crystals are formed in the protoplasm, from which they sub- 
sequently find their way into the cell-sap (Fig. 33), as well as in the 
cell- wall, particularly in the wood of Conifers (Fig. 34) ; and also 
in Lichens, on the free outer surface of the cell- wall. 

§ 19. The cell-sap saturates the cell- wall, the protoplasm, and 
the whgJe organic structure of the cell ; it usually also collects in 
the interior of the protoplasm so as to form vacuoles or a single 
large sap-cavity. It is a watery solution of various substances: 
salts are never absent from it ; in certain cells of many plants (as 
the Sugar-cane, the Maple, and the Beet-root) it -contains large 
quantities of cane-sugar, which can be extracted from it by a re- 
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inning process ; in the cells of many kinds of frnite, as the g^ape and 
Spthers, it contains grape-aagar. Besides these substances, tannin 

Bfmd innlin occur, as well as acids, such as malic acid in the apple 

Famd other frnits, citric acid in lemons, etc. It also contains the 
fwlonring-matters of most red and bine flowers (Erythrophyll and 
Anthocyanin), and of many fruits, as the cherry and elder berry, 
-with many other substances. 

§ 20. The Development of 
Cells always takea place in each 
wise that the whole or part of the 
protoplasm of a cell already existing, 
llie molker-eell, undergoes re-arrange- 
ment. The following are the prin- 

I cipal modes of cell-formation : 

L I. CeU-division. The protoplasm 

» of the mother-cell BepaM,tes into two 

lor more parts, each of which consti- 
tutes a new cell. The division of 
the protoplasm is usually preceded 
by that of the nnclens. 

Cases in whicli the pcotdplssm hu been 
otiserved to divide before the nucleus occur 
ia the derelopment of the spores of An- 
thoceroa and of the XQa^n^aporea of laoetea. 

In the simplest case of cell-division , 
the nnclens divides into two, the c 
protoplasm does the same, and a ' 
cell-wall is formed in the plane of 

division. In other cases the secondary nuclei and their investing 
protoplasm may again divide before any cell-wall is formed. 
Finally, the formation of a cell-wall may be postponed until the 
division of the nuclei and of the protoplasm hiis been repeated an 
indefinite nninber tf times. The varieties of cell-division which 
thoB arise may bo arranged as follows : 

1. In growing vegetative organs, a division of the cell takes 
place, anch that the whole of its protoplasm, without any ronnding- 
ofi or contraction, is divided into two parts r the new wall is formed 
between the two masses of protoplasm oiihj along the plane of divi- 
aon (Fig. 35). The wall is sometimes formed simultaneously at all 
points of the plane of division, as in the development of stomata, 
and sometimes, as in ccrt^ AlgK, e.g., Spirogyra, it grows as n 
a without inwarda. 
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2. The formation of the cells which subserve 'reprodnction (see 
§ 55} is always accompanied by a ronndiiig-oS of the protoplasm, 
which takes place either before or daring the formation of the new 
wall. In this case the wall is always formed oTer the whole aorface 
of the yomig cells, thoagh thia often occurs somewhat late. 

a. The whole protoplasmic contents of the mother-cell may be- 
come aggregated aronnd foar newly-formed nnclei ; this process 
occnrs principally in the formation of the pollen of phaoerc^amona 
plants (Fig. 36), and in the formation of the spores of Mosses and 
Vascnlar Cryptogams. The details of this process are not the same 
in all cases. In some (development of the pollen-grains of Mono* 




Pia. ST.— EoJaTBDMcmiM Ka ex- 
hibited In the (omution at the 
■wum-gporea of <Edogaiiium. A 
DlTlalnnot the raot)ier-cell> of the.poTlen- Porcion oC b llluoBnt ; <n the lower 
llluni ■mtea. At A and B the dlTlslon o[ the cell the protoplasm li bsj{ia. 
into toor hu hflgnn ; in D tho In-^owth ulng to conliact, in the npper the 
ibiiuie i> Cu Bdvnaced, and Id B thenalle Toung primordial cell is Moaping 
(After Saohs.) (Z). B A iwarm-Bpore. The be- 

cotyledons and of the microspores of Isoctes) the nnclens of tho 
mother-cell divides into two, and this is followed by a corresponding 
division of the protoplasm, a cellnlose wall being formed between 
the two cells. Each of these now divides in the same manner, in a 
plane at right angles to that of the first division, and thns the fonr 
special mother-cells are prodnced lying in one plane. In other 
cases (development of the pollen-grains of Dicotyledons, of the spores 
of Mosses, Ferns, and Eqnisetnms) the nucleus of the mother-celt 
divides into two, and each of these secondary nuolei divides again 
isto two, the divisions taking place in planes at right angles to each 
other and to that of the first division ; as a oonsoqnenco, the four 



nuclei do not lie in one plane, but are arranged tetrahedrally. Cell- 
walls are now formed, so that four special mother-cells are prodnced. 
In the case of the pollon-grains of Dicotyledons, the wall of the 
prunary niothcr-cell thickens and grows inwards at certain points 
(Fig. 36 D) so as to constrict the protoplaam somewhat, and the 
newly.formed walls become attached to these projections. In all 




(CopiBil ^n SncbB.) 

cases each of the foar special mother-cells eurrounds itself with a 
properwall which becomes the coat of the pollen-grain or of thespoi-e. 
b. The nnmber of the nnclei derived by repeated division from the 
nncleoE of the mother-cell before any cell-wall is formed is indefinite. 
Each of them becomes snrronnded by a portion of the protoplasm.. 
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It IB in this v»y that the zoospores of rnaaj Aigas and Fnn^ are 
formed (Fig. 38), and it is nsa&Il; not until some time after their 
escape from the mother-cell that the; become clothed with a cell- 
wall. The spores formed in the asci and sporangia of Fangi (Fig. 
39]|are also developed in this way, but in this case the cells are alwaya 
inveetod by a cell-w^ before they are set free from the mother-cell. 
A further example of this is to be found in the development of the 
endosperm-cells in the embryo-sacs of phanerogamous plants. 

This mode of oeU-tomuitioii is known at fret att-formalum, Init the Huae in 
which this eipiession is now nied is very diitarant from that in whjeli it was 
otigiiially employed. It ma supposed tlut, in these ooaea, ths secondary nnelei 
were formed de novo, hut reoent Tesearohei hftve shoim that they are dsreloped 
in the manner described above. 

II. B^uvene$eenee. The whole protoplssm of the mother-cell may 
undergo rejuvenescence, when it contracts and reoonstitntee itself as 




Fia. W.— OonjngatloD of lbs cells oE Bpinig7n<x 400). A The mite of Ciro Blminaila 
wUoh u-e prepared (or oonJogMJan. At a the fllamenta have begun to iwell towards each 
otliOT. The iplral baadi of Bhloroph^ll are Moognlaable at ol, and the noolen* at 2. At B 
> cell p is tniliig with that of the other p'. At C la a peT[botl7-(ormecl 



the new protoplasmio body of a daughter- cell, which subsequently 
surrouuds itself with a new membrane. It is in this manner th^ 
the single swarm-spores of many Algos are formed, as in Yancheria, 
Stigeocloninm, CEdogouiom (Fig. 37), as well as the oospheres of 
Cryptogams. 

III. Conjugation. In conjugation the protoplasmic contents of 
two or more cells coalesce to form a new cell, which acquires a 
membrane. This process occurs in a typical manner in Tarioas 
groups of Algfe, e.g., Spirogyra (Fig. 40), and of Fungi. 

The formal^ion of new cells does not therefore necessarily imply 
an incresse in number ; this is the case only when division into two, 
four or many cells occurs; in the process of rejuvenescence the 
number is unaltered, and in conjugation it is actually diminished. 
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CHAPTER IL 

THE TISSUES. 

§ 21. Those combinations of cells are designated Tissues wliich 
are governed by a common law of growtb. According to their 
arrangement in space, the following combinations of cells may be 
distingoisbed : 

A. Filaments, wbere the cells are connected only by their con- 
tignons ends, and so form a filament, eg., many AlgaB, as Spirogyra 
(Pig. 40), (Bdogoninm (Fig. 37), and many hairs (Fig. 62 a d). 

B. Surfaces, when the cells form a single layer and are in contact 
in two directions of space (length and breadth), e.g., many AlgsB 
and the leaves of many Mosses. 

C. Masses, when the cells are in contact on all sides. 

The tissues commonly consist of cells which have originated from 
common mother-cells by their repeated division into two, and which 
have been connected from the first in consequence of the mode of 
formation of the septa (Fig. 35). In a few special cases tissues 
are formed otherwise {spurious tissues); either cells which have 
been hitherto isolated become adherent and then continue their 
growth in common, or filaments consisting of rows of cells become 
interwoven and exhibit a common 
growth, without however having 
become adherent in every case 
(Fig. 39 sh). 

§22. The Common Wall of 

cells combined into a tissue is, in the 
first instance, usually extremely thin 
and delicate, and appears under the 
strongest magnifying power as a 
simple plate (Fig. 35). As it in- 
creases in thickness a middle lamella 

- , ... .JJ^. ^-v Pia. 41.— Trans verso section of the 

usually becomes visible (J<lg. 41;, cortical ceils of Trichtmuine» •peciosum 

which divides the wall into two (x coo). Middle lamella (m).- itthe 
_. ^ I.' 1. _^ Ai— !,« cell-wall adjoining the lamella; I cell 

parte, one of which apparently be- eawty, tbord.red.pita wUehmeet m 

longs to each of the contiguous cells, adjoining ceils; the pits on each side are 

This middle lamella is nothing more ^^^«^ ^^ **»« "^*^« ^«^"*- 
than a specially differentiated part of the wall which belongs to 
both of the cells in common. Its chemical composition, which is 
different to that of the remainder of the wall, permits of its 




42 



PAKT II. — THE ANATOUT OF PLANTS. 



[§22. 



solntion (in nitric acid and chlorate of potash), so that the in* 
dividual cells may be separated. When the common wall of similar 
cells is pitted, the pits on each side accurately meet (Fig. 41 Q ; if, 
however, certain cells of a tissue undergo a special modification, 
as in the vessels, the nneqnal thickening of the membrane is 
confined to one side only of the common wall ; in the case of spiral 
thickening of the cell- wall this is self-evident. 

The bordered-pits, which are characteristic of the wood-cells of 
Conifers, demand special description. The membrane which 
separates the cavities of the pits does not lie in the centre as a 
continuation of the cell- wall, but inclines to one side or the other, 
and lies over one of the canals (Fig. 42 Bs): there is thus a 
lenticular cavity in the wall which opens freely into one of the 

two cells, bnt is shut off from the other : 
the membrane is so delicate that its 
presence may easily be overlooked. The 
formation of a bordered-pit is effected by 
the thickening of the cell-wall round a 
small area which remains thin (the per- 
sistent membrane), the middle lamella 
being prolonged so as to snrrotind the 
cavity of the pit (Fig. 42 B m). 

In certain cases the septa between the 
cavities of adjacent cells become wholly 
or partly absorbed, as, for instance, oo- 

Fio.42.-Bordered.pit8ontiie casionally the thin partition between 
woody fibres of the Pine :ii seen bordered-pits ; the transverse walls of 

'r,::rr U^«"ZT^ ^^^ ««»« «« <^-^^^^, ^ ^rm ^e vessels 
the middle lamella ; c an earlier are wholly absorbed, if they lie at a right 
stage in section; t the com- ^ngle to the long axis of the vessel CFift. 

mencing pit (x 600, diagram). c^n n t\ •«. . . ^ *ti' 

23 ao); if they lie obliquely, they are 
broken through in various ways. In a similar manner the trans- 
verse septa (and more rarely isolated areas on the longitudinal wall 
also) of the sieve- tubes (§ 25, Fig. 47 B) are perforated by closely- 
set and very fine open pits, and are then known as sieve-plates. 

The thin part of the wall which separates the pit of a yessel 
from a contiguous living cell may frequently recommence its 
growth, and protrude into the cavity of the vessel. Cells which 
thus grow into neighbouring vessels are termed tiiUen : they may 
subsequently undergo division so as to fill up the whole vessel. 
They occur commonly in wood. 
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Snch cavities as have thus originated by the absorption of cell- 
walls and the consequent coalescence of two cells, and which con- 
tinue to be snrroTinded by the walls of the original cells, are com- 
monly called cell-fusions* They are nsually tubular, and are formed 
by the absorption of the transverse septa throughout whole rows of 
cells. They are not unfreqnently branched, and they may anas- 
tomose. The true vessels of plants, as well as the laticiferons 
vessels, are examples of cell-fusions. 

§ 23. Intercellular Spaces are lacunaa between the cells of a 
tissue. They may be formed in two ways, either by a splitting of 
the common wall of adjacent cells, or by the disorganization of 
certain cells. They 
contain either air or 
certain peculiar sub- 
stances. 

The intercellular 
spaces which contain 
air are usually formed 
in consequence of the 
splitting of the com- 
mon wall of adjacent 
cells (Fig. 43 «). They 
occur almost exclu- ^ ,^ ^ ^ „ , ,.. ^ „ *_ *v 

Fio. 43.— Tntercerular spaces {%) between cells from the 
sively between the stem of Zea Uau (x SSO); yto the common wall. (After 

thin-walled cells of Sachs.) 

succulent parenchyma, and usually at the angles of junction of a 
number of cells. Sometimes these spaces — ^then called air-chambers 
— attain a considerable size, so that whole masses of tissue are 
separated from each other, as in the petioles of the "Water Lily 
and of other aquatic plants. The cells which border upon these 
cavities often throw out protuberances into them (also in Aspidium) 
which are known as " internal hairs." 

The large cavities in the stems and leaves of Juncus and of other 
allied plants, are produced by the disorganization (i.e., the drying- 
up and rupture) of considerable masses of cells : this is true also 
with reference to the cavities extending through whole intemodes 
pf many herbaceous stems (Grasses, Umbelliferse, Equisetacesa), 
and those occurring in leaves (Leek). 

The intercellular spaces which contain certain peculiar substances 
will be treated of in § 28. 

§ 24, Forms and Systems of Tissue. There are usually 
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in plants nanieroiis eimUar cells vhich differ from those that 
Enrroimd them, and which are combined bo as to constitute a 
distinct/orm 0/ tUeue, characterized by those properties which the 
cella possess in common. According to 
the form and relative position of the cell^ 
two forms of tissne may be distingnished : 
parenchyma (Pigs. 22, 29, 33, 43), in 
which the cells are not much longer than 
they are broad, the surfaces along which 
they are in contact being relatively broad; 
proseneh-yma (Fig. 44 and section Pig. 41), 
in which the cells are mneh longer than 
they we wide, and their ends overlap. 
— PtoBonobjmatonB "When the walls of the cells are mnch 
■ thickened, the tisane is called saleren- 
, chyma (see p. 58) ; this may be either 
liotvreen efleh older. parenchymatous or prosenchymatons, ac- 

cording to the form of the cells When all the cella of a tiasne hare 
ceased to divide and have assamed their definite form, it is called 
permanent tissne A tissue in which on the contrary the cells are 
still div ding that is that cer 
tarn daughter cella contmue to 
divide and subdivide whilst the 
hers are bemg converted into 
permanent tissue is called a 
generating tissue or Tfiertslem 
The ennmerati n here given 
only inclndes the most import- 
ant forma of tisane many other 
techni al terms wdl be made 
use of in de'it.T bmg the tisanes, 
aa Lircumstances may require 

When sev eral different tissnea 
occur m one plant, afi in vascular 
plants in general they are ar 
ranged into systems of iiBsuet 
which then compose the whole 
plant ; their arrangement heaie 
a definite relation to the member 
of the plant in which they occur. Three such Hyatems of tisanes 
are usually met with : (1) thn epidermal, which covers the exterior 
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of the plant, and nsnally consists of a single layer of cells (Fig. 
45 e) ; (2) ihe fibro-vascular (Fig. 45/), which traverses the body 
of the plant in the form of bundles, and is characterized by the 
presence of sieve-tnbes, vessels and of fibrons prosenchymatons 
cells ; and (3) the fundamental tissue, which fills up the rest of the 
space (Fig. 45 g), and consists prmcipally of parenchyma. 

The same form of tissne may occur in various tissue-systems: 
thus both parenchyma and prosenchyma occur in all three tissue- 
systems, and there is no difficulty in recognising to which one 
they belong in each case. Certain tissues and peculiar cells — 
for instance, such as serve as receptacles for various substances, 
secretions, etc. — ^when they occur in the two internal tissue-systems, 
have so much in common that it may be expedient to consider them 
by themselves. 

§ 25. The Fibro- vascular System extends throughout the 
body of the higher plants in the form of strands or bands of tissue 
which are called Jihro-vascular huvdles. When the cells which com- 
pose them are lignified, and are harder than those of the funda- 
mental tissue, as is usually the case, they may be easily separated 
from it ; for instance, if the leaf-stalk of the Plantain (Pla/ntago 
major) be broken across, the bundles project as tolerably thick 
threads from the fundamental tissue, and by the decay of this 
tissue they may be wholly freed from it. They form the venation 
of leaves, and when the leaves decay they persist as a skeleton. 
In many water-plants, however, the tissue of the fibro-vascular 
bundles is softer than the surrounding tissues. In many cases the 
fibro-vascular bundles are so closely packed, and they become so 
strongly developed in consequence of the continued increase of their 
tissue, that very little of the fundamental tissue remains in the 
compact mass which they form. The wood of trees, including the 
bast, is an instance of such a fibro-vascular mass. 

The arrangement and the course of the fibro-vascular bundles 
are intimately connected with the morphology of the plant, and 
with the differentiation of its members. In most leaves the fibro- 
vascular bundles lie in those projections of tissue which are known 
as veins. In the petiole and stem, and generally in all organs 
which grow especially in length, the fibro-vascular bundles run 
longitudinally : thus a transverse section of a stem or petiole (Fig. 
45) exhibits transverse sections also of its fibro-vascular bundles. 
The bundles of the leaf and stem are so closely connected that even 
at the first development of the leaf at the apex of the stem, the upper 
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end of each bandle benda outwards into a luaf, while thelower portic 
— ^-~;^ is continued downwards 



into tile stem and. 
coalesces with older 
bundles. Thus 
fibro-viiscular bundles 
traversing 

may be regarded as 
being merely the lower 
portions of those whicb. 
i;ume from the leaves — 
as leaf -traces, and tlie 
whole bundle is said to 
be ctMiimoji (i.e., to both, 
leaf and stem). The 
course of tlieae bundles 
\n llie stem is very 

general be referred to 
one cf three types, 
which are, however, 
connected by interme- 
diate forms : 

(1.) The bundle 
coming from the leavi 
unite and form a single 
axial bundle, which 
runs down into the 
stem {this type occurs 
but rarely, in certaia 

iiioii water-plants and a few 
tua Ferna). 

1T7 (2-) ^^« huadlea 

coming from each leaf 

by aide, they tend towards 




tfaainMmolbiiDdliie}. The decussute leavi 
Tbe liiiDdla proccedinB f""" B^b 'e&T dit 
atiore Cite leal Immedialfll; below It, and Ih 
all lbs bandies unite 10 Conn the [aiir thin 1 
&1teFiiat« is the HectiDu with tba thicker 

taaiti bondlee is 



The ijlem in li 

are numerous : on entering the stem 

the middle of the stem ; then they bend outwards and thin ont 
gradually as they descend, coalescing at a point much lower dovra, 
(Fig, 46 A"), In the transverse section of such a stem, the fibre- 
vascular bundles appear irregularly arranged ; those nearest the 
centre are the thickest. This arrangement prevails among tho 
Monocotyledons, particularly the Palms. 
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(3.) The bnndles of each leaf, which are less nnmerons than in 
the foregoing type, bend downwards soon after they have entered 
the stem, and mn dovm the stem parallel to each other at abont an 
eqnal distance from the axis, branching and anastomosing par- 
ticularly at the nodes (Fig. 46 B). The transverse section of 
snch a stem exhibits the bnndles arranged in a circle more or 
less nearly concentric with the circnmference, and dividmg the 
fundamental tissue into two portions : the inner, included within 
the circle of fibre- vascular bundles, is the pith or medulla (Fig. 
4i6Bm); and the outer, lying between this circle and the epidermis, 
the cortex (Fig. 46 5 r). Those portions of the frmdamental tissue 
which lie between the fibro-vascular bundles in the circle, and 
which therefore connect the pith and the cortex, are called the 
medullary rays. This arrangement occurs principally in Dicoty- 
ledons and Gymnosperms. 

Bundles which belong exclusively to the stem are termed cauline 
hundles; they are such bundles as cannot be regarded as direct 
prolongations of those of the leaves. They are present in the 
Ferns and the Khizocarps, in the LycopodiesB, and in Selaginella; 
but they occur only rarely in Phanerogams, and then in aquatic 
plants, such as Hippuris, Gallitriche, Myriophyllum, Elodea, 
Naias. 

Boots differ so widely from stems and leaves in the structure 
and arrangement of their fibro-vascular bundles, that the con- 
sideration of them must be postponed for the present. 

A well-developed fibro-vascular bundle consists of two kinds of 
permanent tissue: the Xylem or Wood and the Phloetn or Bast, 
Excepting when special circumstances give rise to other conditions, 
the walls of the wood-cells tend to become lignified and their 
cavities to be filled with air : these cells constitute the firm but 
brittle portion of the bundle. In the phloem there is a tendency 
to the formation of softer and more flexible cell- walls, which are 
but slightly lignified, and the cells retain their sap. Those fibro- 
vascular bundles which consist only of these two forms of tissue 
are incapable of any further growth, and are said to be closed; 
whereas those which possess in addition a layer of generating-tissue 
(meristem), the Cambium, throughout their whole length, which, 
by the active growth and division of its cells, increases the bulk 
of the xylem and of the phloem between which it lies, are said 
to be open. 

The xylem (wood) of a fibro-vascular bundle (so long as i^- 
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has not been added to by the activity of the cambin 
tbe three following elements ; 

(1.) True vessels (traeheie, ducU) .- they are formed from rows of | 
BQperimposed cella, the transverse walls of which have been more ' J 
or less absorbed. According to the mode in which their longi- 




Fia. V.—A troniTenu lectloa of so open fibro-Tssauliu bundle in the eiem of the San- 
lloiter. It Pilh. I Xjlem. C Cambinm. P PhloSm. a Consi; i email, and •' Iitrge 
spiral Tsuels ; t pitted Teuela ) f plued TSawls In coorBe of rDnoatinn ; h nood-flbrea ; gb 
iJere-tabeii I but-Bbreij < bnndle-Bhealli ; <c Inter-taecicular cambium. B Radial leniinl 
■eotlDD tbronEh a ilmllar buadle (BOmenliB^ eimpUSed} leUcred ICke ths tormer. 

tndinal walls have been thickened, they are distingniahed as spiral, 
reticulate, annular, acalaviform, or pitted vessels (Fig. 47 S e s' and 
Fig, 25 s) (Fig. 47 £ i (' and Fis,^. 23 0) ; their contanta are aii- ov 
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(2.) Much lengthened, narrow, prosenchymatonB cells ; the wood- 
' eelU or fibres (Fig. 4,7 B h and Fig. 23 B). 

(3.) Parenchjrmatons cells, forming the wnod-pan^chynia, and 
atill containing protoplasm | frequently they are wanting. 
The baet in like manner consiata of : 




!lB ud vesaels wUh bardBTed.plls. TbeH elemen 
jhloSm ia oompoiod of «o(t biM, n. The whola bnndla ia tc 
i]ck.wal]«d, liguiAodi prtuajiDhjniBtoLui cbIIa balongiiig to t 



(1.) VftBcnlar elements, the fievf-lfibes, which have thin fiide- 
wolls, bat thick transverse septa, perforated by closely-set, open 
oaoala ; they are filled with atbnminonfl flnbatances (Fig. 47 B eh). 
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(2.) ProsencIiymatoTis elements, the hasUfihres, whicli are often 
long and mnch thickened, bnt flexible. 

(3.) Elongated, prismatic, thin- walled cells (Phloem parenchyma): 
these cells remain in the primitive condition in which all the 
cells of the phloem originally were : they are also termed camhu 
fomif and, together with the sieve-tubes, are known as soft hastj in 
contradistinction to the thick- walled bast-fibres, the hard hast. 

These difEerent kinds of cells are more or less fully represented 
in a section of a fibro- vascular bundle, their proportional number 
varying with the part &om which the section is taken, and with the 
nature of the plant. 

By far the most frequent arrangement is, that the xylem and the 
phloem in each bundle lie one behind the other on same radius, the 
xylem being nearer to the centre of the stem, while the phloem lies 
towards the periphery (Figs. 45, 47, 48, 50). This is the case 
both when the bundles form a circle and when they are scattered, 
when they are open and when they are closed. As the bundles 
bend outwards into the leaves without any twisting, and are distri- 
buted in one plane, the phloem of the bundles lies towards the 
under surface of the leaf and the xylem towards the upper surface. 
Exceptions to these relations are found in cylindrical leaves and in 
many petioles, in which the twisting of some of the bundles gives 
rise to an arrangement similar to, but sometimes more complicated 
than, that of the stem. In open bundles the cambium lies between 
the xylem and the phloem. The annular and spiral vessels always 
form the innermost portion of the xylem towards the centre of 
the stem; and the outer portion, towards the phloem, consists of 
reticulated and pitted vessels, which are the largest of all the 
elements of the ^lem. The grouping of these vessels as regards 
each other, the woody fibres, and the parenchyma cells, is ex- 
tremely various; those shown in Figs. 47 and 48 are only some 
examples. The innermost annular and spiral vessels are the first 
formed in each fibro- vascular bundle, and already exist before the 
contiguous portion of the stem has attained its definitive length ; 
they grow with its growth, and, since they cannot undergo any 
further transverse division like the other elements of the bundle 
which are as yet undifEerentiated, they consist of the longest cells. 
In the phloem the bast-fibres usually lie nearest to the peripheiy, 
and the sieve-tubes, which are generally conspicuous by their larger 
apertures (in transverse section), are scattered in the soft bast 
(Figs. 47 and 48). 
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; foffinvuig deviations from this, which is the commonest ar- 
rangement {Ike edSaisTal) of the phloEm and xylem, as well aa of 
their constitnents, may be mentioned: 

In many plants, e.g., Gonjrda and Lycinin, a second layer of 
phloem is found -within the sylem : in most Ferns the phloijm com- 
pletely encloses the xylem, forming a, ring (ennesntric arrangement), 
and several groups of spiral vessels lie within the sylem, from 
which the development of the xylem 
proceeds. 

The fibro-vascnlar bundles of the 
root difEer most widely from the 
structnre above described. It is, in 
fact, impossible to speak of separate 
bnndles in the root ; a, cylindrical mass 
of fibro-vascnlar bundles, sometimes | 
hollow and containing a pith, occapieB 
the ajris of the root (Fig. 20). In 
this, several xylem bundles are regu- 
larly distributed (Fig. 49 A y), and 
alternating radially with them lie an 
gqnal number of phloiJm bundles (Fig. 
9 A 6). In Dicotyledons the nninber 
f these bundles is small, usually 2, 3, 
"or 4, rarely 5 to 8 ; in the Monocoty- 
ledons it is nsually larger. In each 
xylem bundle the spiral vessels, which 

I fire here the oldest constituents, lie 
Nearest to the periphery. The ex- ; 
iemal layer of the fibro-vascular p'^ 
•ylinder is known as the pericamHy.m, 
pud remains for a long period capable ' 
p( development and growth. The j 
rudiments of the lateral roots are ' 
nsually formed from this pericam- 
bium in Phanerogams, exactly opposite to the xylem bundles 
(except in Grasses and Umbel lifers), but in Cryptogams (except 
Eqnisetum) from cells of the endodermis ; thns, irrespectively of 
the adventitious roots which are formed later, there are as many 
n>ws of lateral roots on a main root as there are xylem bundles 

tthe fibro-vascular mass. The lateral roots, in the course of 
ir development, have to penetrate the cortex of the mother-root 



^^^aqni 




proonjoftlfana 




mlliaan 


impUhi 




prlfdRrj 


ijlem ban die 


i * 


prinmry 


phloBm 












»me pun 


t, which 


lainerwdnsii 




tSMB: i 


eecond- 


arybastj k ooi 


k-B 


ightly m 


Bgliifl-d. 


(After Bflohi.) 









52 



PABT II. — THE 



l§26. 




see p. 23, Fig. 20) : their fibro-vasctilar bundles are in direct 
connection with those of the mother-root. 

§ 26. The Growth in Thickness of the stem and roots is 
effected in most GymnospermB and Dicotyledons by the contiuaons 
activity of ihe cambinm of their open bnndles. These are arranged 
in a circle in a tranarerse section of the stem (Fig. 50 A) : the oom- 
mencement of growth in thickness is preceded by tangential diviaionfl 
in the fnndamental tissne (Fig. 47 A tc) which lies between the 
bnndles; this gives rise to cambinm which becoroes continoons 
witli that of the fibro-vascalar bnndles. A closed hollow ojUnder is 
thns formed, which appears, in a transverse section, as a ring, flie 
camHum-ring (Fig. 50 B e) completely separating the pith &om 
the cortex ; it consiste of two portions corresponding to its mode of 
origin ; faacicvlar eam- 
bium, i.e., the camtnnia 
belonging to the fibro- 
vascnlar bundles, and 
the inter-fa»eieular eam- 
hivm, i.e^ that which is 
formed between the 
bnndles in the primary 
mednliary rajs. 

A cambinm -ring' ia 
likewise formed in 
roots which increase in 
thickness ; the cells which He between the individual zylem-bnndles 
and internally to each phloem-bnndle are transformed into cam- 
binm-cells by division, and the separate groups of these cells be- 
come connected externally to the xylem-htmdles. Thos a ring ia 
formed which lies outside the primary xylem-bnndles and inside 
the primary pUoem-bnndles (Fig. 49 B). 

The cells of the cambinm-ring, in the stem and root i^ike, con- 
stantly undergo both tangential and radial division, so that the 
number of the cells increases in the radial direction as well as in 
the circumferential : the growth of these cells produces an exten- 
sion of the oi^n in both these directions. Of the cells Urns 
formed, those lying on the inner side of the cambinm are trans- 
formed into the elements of the wood (Fig. 50 B h^), those on the 
onter side, into the elements of the bast, while the cells of the 
intermediate zone continue to be capable of dividing. The activity 
of the cambium thus gives rise to aeeondary wood and leeondara 
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s distingnished from ihe primary constitnenta of tlie bandle, 
■which existed previonaly to, and independently of, the actiTity of 
the cambiam, The primary ivood of the bundle ia thna the inner- 
most part of it, and nsaally projects into the pith, particularly 
when the primary bundles lie rather far apart; it then consti- 
tutes what is termed the medullary shealh 
(Fig. 50 5 fci and 52 m*). 

The elements composing the secondary 
wood correspond in general with those of ^ 
the primary zylem, bat they present certain 
pecnliaritiea. First of all it may be ob- 
served that they are arranged in radial lines, 
at any rate in the first instance, becanse all 
the elements which have originated from a 
single cambium-cell lie on one radius. The 
cambium-cells are of an elongated form, and 
are disposed somewhat prosenchymatonsly 
in snch a way that their oblique septa are 
distinctly visible only in a tangential section, 
_that is, in profile {Fig. 51 A). It is by the 
ransforraation of their daughter- cells, which 

tctly resemble the cambium-cells, that 

i different celb which compose the se- 
jondary wood and bast are formed. The 
I ■Bcondary wood of trees consists of the fol- 
F lowing elements : 

(1.) Of Fessei*, which are nsnally provided 
with pits (frequently bordered- pits) on their 
longitudinal walls ; their diameter is greater 
than that of the other elements, their con- 
stituent cells are usually of the same length 
as the cambium- cells. The transverse walls 
are either wholly absorbed, or only perfo- 
rated. In some wood, as that of the Lime, 
delicate spiral thickenings are found in ad- 
dition to the pits on the longitudinal walls : 

they can be distinguished from true spiral vessels by the delicacy 
of their structure and by the fact that injury does not cause a 
separation of the spiral thickening from the wall. 

(2.) Of wood-jibre» which are much elongated, almost always 
longer thna the cambium- cells, and their transverse septa are more 
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oLHqne : tLe poiDted ends of the individii^ cells mlso grow in between 
eac'h otLer. The walls of the woodj fibres are sometimeB unjntted 
or hare small slit^like pits (Fig. 51 C;, librij</rm fibres ; sonietimeB 
the J are pitted like the walls of the vessels (Fig. 51 B)^ iracke^ideg; 
thej are not perforated. 

(3.) Of Wood-parenekywia which is formed hj the repeated trans- 
Terse division of the cambinm-cells ; the parenchTmatons cells 
prodnced from each cambinm-eell form a gronp which is bounded 
bj the obliqne walls of the cambinm-eell (Fig. 51 D). The walls 
of the wood-parenchjma-cells are thin, and bear lAige simple 
pits. 

With referenee to the very varied distribution of these different 
elements of fibro-vascnlar bundles, it may be particnlarlj noted 
that in all Conifers tme vessels and woody parenchyma (apart 
from the resin-dncts, § 28) are wanting: the medullary sheath, 
the primary xylem, of course contains annular, spiral, and re- 
ticulated vessels, but the secondarv wood of these trees consists 
solely of tracheldes, the walls of which bear the peculiar bordered- 
pits described in § 22 (Fig. 42). 

In most trees and shrubs, and in the stems of the stronger her- 
baceous plants, the fibres generally form the greater part of the 
wood, and the vessels and woody parenchyma-cells are scattered 
among them. 

Succulent stem-structures which increase in thickness, e^^ the 
tubers of the Potato, contain in the wood formed from the cambium 
nothing but thin- walled, juicy, parenchymatous cells traversed by a 
few solitary vessels. 

A transverse section of the wood of our timber-trees exhibits, 
even to the naked eye, a series of concentric layers known 
as the annual rings. These layers result from the fact that 
the wood formed in the spring is dilEerently constituted from 
that wliich Is formed in the summer; since the external con- 
ditions on which this difference depends gradually change in the 
course of a year, and during the winter no wood is formed, it is 
easy to imagine that in the ring of wood which represents one 
year's growth a gradual change of structure should be perceptible 
from within outwards, and that the limit between the ring of one 
year and that of another should be sharply defined. The anatom- 
ical cause of the distinctness of the annual rings is the same in all 
wood, namely, that the last layers of the wood formed in a year are 
much compressed, and therefore have a very small radial dia- 
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J meter (Fig. 53 lo). In Conifers these layers are further distin- 
I pushed by the fa^t that the spring'-wood ia formed of thin- 
I fcalled oellfl (Fig. 53/) and the * antiimn- wood of thick-walled 
I cells (Fig. 53 A). In foliago-treea the number and size of tho 
I vessels diminisheB in each annnal ring from its inner to its outer 
I limit. When this takes place very gradually the eye cannot de- 
I tact any conspicuous difference between the spring and autnnm- 
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Inrood (as in the wood of the Beech, Lime, Maple, and Walnut) ; 
tmt some kinds of wood show a ring of conspicuously large yessels 
in the spring-wood, while in the autumU'Wood there are numerous 
Bineh smaller veBsela (as in the wood of the Oa|^ Elm, and 
Besides the elements which have been already considered, the 
wood includes certain parenchymatous cells which are elongated in 
a radial direction and are known as the meduVary rayi. These 
appear in a transverse section as radial stripes, in a radial section as 
radial bands of small height, and in a tangential section as elliptical 
groups of cells (Fig. 54), surrounded by the elongated elements of 
^K jtba wood ; they consist of parenohymatous cells much elongated 
^HAi the radial direction (Fig. 53 m), but very small in the bmgontial 
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and vertical directions. THese mednllary rays, like the constituents 
of the wood, are developed from the cambiom both towards the 

centre and towards the circnmference, 
so that each mednllary ray rons from 
the wood throngh the cambinm into 
T^V* a'^^Z^^^T? *^® bast. When once a group of cam- 

binm-cells has begun to produce a me- 
dullary ray, it continues to do so, and 
the Greater the circumference attained 

Pi&. M.— Diagrmmmatio represen- . ° _ - . - - 

tationof the course of the medoiiazy by the wood, the greater IS the number 
rays; a segment cut out of the wood: of the points at which the formation of 

Q Horizontal surface. S Radial sur- j n i_ • • xi. i.* 

foce. T Tangential (external) sur- medullary rays b^ins m the cambimn, 
face of the wood; the shaded por- and the greater the number of medullary 
aon..«th.med«u«yr.y.. rays which penetrate the wood. Those 

medullary rays which extend inwards to the pith and outwards to 
the primary cortex, those, namely, which existed at the beginning 
of the thickening of the stem, are termed primary. These increase 
radially, in some plants by means of the whole of the inter-fas- 
cicular cambium, e,g,, in the Clematis ; in others, on the contrary, 
by means of isolated portions of the inter-fascicular cambium, 6.^., 
in the Hornbeam. Secondary medullary rays are such as are 
formed at a later stage, and do not therefore extend to the pith, but 
end blindly in the wood. When the medullary rays, or at any rate 
some of them, are large, they are easily detected by the naked eye, 
as in the wood of the Beech and Oak. 

The wood of many large timber trees frequently exhibits a strik- 
ing dijfference between the older internal portion of the wood, the 
heart- wood (duramten), and the younger outer portion known as the 
sap-wood (^alhumimi). This arises from changes undergone in the 
course of years by the mature wood. The altered heart-wood 
always contains less water, has no starch in its parenchymatous 
cells, and is often darker in colour, e.g,, the Pine, Larch, and 
Oak. 

The secondary bast formed from the cambium never attains so 
considerable a size as the wood; it consists of sieve-tubes, bast- 
fibres, and parenchymatous cells in varying order, very rarely 
showing any regularity ; sometimes the bast fibres are in layers, so 
that they can be removed in large connected sheets, as in the Lime. 
The formation of annual rings does not take place. The medullary 
rays, as mentioned above, traverse the bast to an extent corre- 
sponding to their development in the wood. Li many trees the cells 
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the mednllaTy rays, and other cells also, in the boat, become 
BclerenehjTuatOQB ; for instance, in the Beech, where they project 
from the surface of the dry cortex which is in contact with the 
catnbinm, in the form of sharp teeth. Aa the cambinm-ring is 
constantly increasing in circumference, the bast which siirronnds it 
necessarily eiperiences considerable tension, particularly in the 
outer portion. This tension naturally affects chiefly the paren- 
chymatous elements which are still capable of growth while the 
bast-fibrea are no longer capable of any modification ; hence the 
medullary rays are often seen to be much expanded towards the 
circumference (Fig. 52 pa). 

The tissues lying externally to the cambium are generally spoken 
of collectively eis " cortex " ; it will be well, therefore, to designate 
the bast which has been formed by the cambiura as secondary aortex, 
in order to distinguish it from iho primary cortex which lies eiter- 
nally to it and belongs to the fundamental tissue. The cells of 
the cambium-ring are rich in protoplasm and tear very readily, 
especially when they are actively growing and dividing ; conse- 
quently the "cortex " can be easily stripped fi'om the wood. 

Many woody plants, of which, however, only a few are indi- 
genous to this part of the world, depart from the general type hero 
described both in the origin and in the mode of growth of their 
cambinm-ring. The aborescent Lilioceie (Tncca and Draciena) 
may be mentioned as being the only Monocotyledons of which the 
stems increase iu thickness. As the fibro-vaacular bundles arc all 
closed, there is no cambium, and the increase in circumference is 
e only by a new formation, in a zone of the fundamental 
both of isolated, closed, fibro-vaacnlar bundles and of fresh 
lental tissue. 

§ 27. The term Fundamental Tissue (ground-tissne) Includes 
nil the mass of tissue which does not form part of the tibro- vascular 
bundles or rf the epidermis (Fig. 24 5). Various forms of cells 
uid of tiasnea occur in it, and those parts of it in particular which 
immediate contact with other tissue- systems are frequently 
larkable for peculiarities of structure. 

Those specially modified forms of fundamental tissne-which occur 
in close connection with the epidermis are included under the term 
Hypoderma. One form frequently occurs in the stems and leaf- 
stalks of dicotyledonous plants which is known as Gollenchyma, 
(Pig. 55 c2), a tissue, the cells o£ which are narrow and elongated, 
with their walls thickened along the lines of contact, and capable of 
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tveU^'Dp oooadenblj. In otber osra the dements of die hfpo- 
deraoA tu>e fibrous and acInoKlijrinuoiu, *s in tbekaTesoCConifins. 
£«Mfle.s&«aa (EododermiB). 
Thu name hw b«an ginn to the 
S)i^!:lo 1* T«r of cells (belnngiiig to 
the fundamental ttssoe) whiclt 
forma a eonunoa inTcatmeni to 
the fibro-vaacnlar bnndlee in the 
stems of plants baving an axial 
fibro-Tasciilar cylinder, such as 
Hippnria and other aqnatio planta, 
as well as m diose of many with 
normal arrangement of the 
bundles, snch as certein Primn- 
lacete^ Composite, Cyperaoes^ and 
r... «.-Tr.n.TWM NcUoD of tba ta>f- "°« species of Eqaisetom. In 
Miiik at ■ B«[caiiai ipidoiiiii [<) ud tbe Btems of moBt Fems and Bcnoe 
ooii«cbm> (ci)i th« «pidaimi>.M>u. » Eqnifletnme, as weU as in the 

onltonaly niiclMiiea on Iti* onim mU ^ 

«iMr«iti«7^|i>iDchaciiii«ichjDu,tiat«« peooles and stems of some few 
UicknudUbiUucoUaDcbTiziaxtbaugto Phanertwamfl, each of the isolated 

wli«r« Biroe eellj iB«eti thsw UiU!t«aing4 . a, 

li»Te««Mc»p»city(or »ir»iiingj cUchio. fibre- vascular bundles is 8UI^ 
mph jii-OTrpruciM i p pmonohjnii-ceii j « ronnded by a sheath (Pig. 47 e). 
' *■ ' ' It IS mvanably present in roots. 

The walls of these cells which are in contact are nsnallj folded in 
a peculiar manner and are cnticolarised. 

External iheath. This 
term is applied to ench 
cells of the fundamental 
^^ HiHSiKSXMLiliSllSiSljvStS^ tisBne as snrronnd fibro- 

vaecnlar bundles and 
have nndergone Special 
modification. The closed 
bundles of Grasses (Fig. 
48) and of many Monoco- 
tyledons are surronnded 
by an investment consist- 
ing of several layers of 
no. s».-tTv>wrav) wUoo of ■ Beech LMt{» 3ioj< prosenchvinatouB Cells. 

N ipldsTmii dI theupp«r«lrl«00| n spldsnoisot (be _^ * l 

nnilw •nrOuM j pa pkUlwda pHtoahjiaii ip ■poDgy '^ ^^ °' ™^ funda- 
PHwabfin^ mental tissue, the ami- 

jiIenMHfury Junta, consists (with the exception of the prosenchyma- 
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I tons ground-tissue in the Btema of LycopodiaceiB, etc.) of thin-walled 
f BUccTileat parenchyma with intercellnlaj spaces : the cells may con- 
I tain chlorophyll- corpuscles, as in the case of leavea and of the 
L cortex of stems, or the tissne may be colonrlcss, as in the interior 
I of sacculent stems, in roots, and in jnicy fruits. 

Tho chlorophyll- cou- 
I taining groond-tissne of 

leaves ia nsnally of a 

different texture at tho 

two surfaces of the leaf ; 

it ia in consequence of 

this that the two sur- 
faces differ somewhat iu 

colour. 

■ The tissue of the upper 
.surface consists princi- 
pally of patlisdde paren- 
cJiyma, that is, of narrow, 
elongated cells, arranged 
perpendicularly to tho 
surface and having very 
small intercellular spaces 
(Fig. 56 pa) ; the paren- 
chyma of the under sur- 
face, on the contrary, the 
l^Qvgy parenchyma, is 
formed of cells which aro 
irregularly arranged, and 
are separated by lai'go 

(intercellular spaces (Fig. 
The cells of the pith of 
woody plants generally 
•U die, as in Sambucus 
^Ider), or at any rate Fm-s 
most of them do so. b's'^'b 

Bderenohymatoue cells aache.) 
occur in the most different parts of the fundamental tissue ; they 
may be isolated, as, for instaace, in the flesh of Pears and in tho 
cortical parenchyma of many trees, or united to form a considerablo 
mass of Eclerenchymatous tissne, as in the shell of many fmits, as 
tho hazel-nut, and the atone of others, as the plum. 




phloem of Soor- 
loction. A SUgblly mwgal- 
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§ 28. Internal Receptacles for Secretions. In the fibro- 

vascnlar system, as well as in the fundamental tissne, besides the 
forms of tissue hitherto described, there are found other strnctiires 
which serve to secrete and to transmit certain substances which do 
not occur throughout the plant : these structures traverse both the 
internal tissue-systems, so they cannot be regarded as belonging 
especially to either, but must be considered separately. According 
to their mode of origin, these receptacles may be either isolated 
closed cells containing nothing but the matter secreted, or they may 
be vascular structures, formed by the fusion of elongated cells by 
the absorption of their walls ; or, again, they may be intercellular 
spaces, cavities filled with secretion which have been formed either 
by the absorption of a mass of tissue (lysigenous) or by the separa- 
tion from each other of uninjured cells (schizogenous) (see § 23). 
They may be arranged in the following order, according to the 
nature of the secretion : 

(1.) Crystals or clusters of crystals are frequently found in certain 
cells, particularly in the fundamental tissue of Monocotyledons and 
in the bast of many trees. 

(2.) Cells filled with mucilage occur in the MalvaceaB, in the cortex 
of the Elm and Firs, in the tubers of the OrchideaB ; mucilage also 
occurs in lysigenous intercellular spaces in the CacteeB ; cherry-gum, 
which is formed by a gradual transformation of groups of cells, must 
be included here. 

(3.) The milky juice (latex) which flows from many plants when 
they are cut, derives its milky appearance from minute sohd particles 
which are suspended in watery fluid, constituting a sort of emulsion ; 
the milky juice frequently contains caoutchouc ; sometimes, as in 
Chelidonium, it is yellow. This milky juice is found in different 
vessels in the different families of plants. 

(a.) In the CichoriaceeB (as the Dandelion and Scorzonera), the 
PapaveraceaB, and Campanulaceae, it is contained in the laticiferoua 
vessels ; they are straight or branched, auastomosing rows of cells, 
the transverse walls of which are absorbed or perforated (Fig. 67). 

(5.) In the Euphorbiaceee (a.^., the Spurges), the IJrticaceffi, and 
AsclepiadeaB, the milky juice is contained in closed cells, which are 
much branched and extend throughout the whole plant. These lati- 
ciferous cells are already present in the embryo, while it still consists 
of only a few cells, and they grow with its growth without under- 
going any division. 

(c.) The milky juice is contained in cells of small dimensions, 
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which are not imfreqneatlj arranged in rows ; this is the case in 
the Maple, in Sambncos (Elder), where these cells are visible as red 
lines at the circnmference of the dried-ap pith, in the CoDTolvolacesp, 
where the milky juice contains mnch resin, in honandra ChUta, of 
which the inapisaated milky jnice forms Gntta percha. 

All these forms of laticif eroos vessels occnr principally in the cortex 
and phlootn, bnt they Bometimes occur also on the inner side of the 
fibro-vasoular bundles of the plants in qaestion. A great number 
of very important prodncts, valuable in medicine and the indnstrial 
arts, are derived from lite latex : thns Caontchonc (India mbber) is 
the dried milky juice of Siphonia elailiea, one of the Enphorbiace^ 
and Opium is the milky jnice of the nnripe capsnles of the Poppy, 
Puponer iomnijen 




Fta. IIB.-~(HI-«Tlt7 bBlow'tbe nppor 
■arbea at tSu ^a^l of IHotaniiHu Triai- 
iHtIa(ii S2D). B At an suljstogB: 
dutani e mothsT'CeUa of the oSTlly be- 
tort their abBOrptloa ; D t, large drop ol 
eUwreklon. (Attar SmiIu.) 

Fia. SB.— Besin-puesBM In the young stan of 
(HMD). A An earl;. X A iBitar lUge 1 f the re 
t bMt'flbrea i ts aortiCBl pHBochTnia. {ilWi Baehi.) 

(4.) Setint and ethereal oils, not unfrequently combined, occur: 
(a.) In eelis, in the LanrineEB, e.g.. Camphor ; in the Zingiberaces', 

Aooms, and other plants ; the solitary resin-cells in the wood of the 

Silver Fir may be mentioned here. 

(6.) In intereeilular gpacet, which may be of lyeigenons origin and 
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are then tLsnally of a spherical form ; these were formerl y de- 
signated glands (Fig. 58). The oil of the Citron, Orange, Buiacea^ 
M yrtaces, is contained in snch cavities, as well as that of the leaTOi 
of Hjpericxmi, which present in consequence a nunber of trans- 
parent spots. 

The other intercellnlar spaces which contain oil or ream, are of 
schizogenons origin ; that is, they are formed b j the separatuxn from 
each other of certain cells sorronndin^ the intercellnlar space 
(which is nsnallj elongated in form), and differing from the rest 
of the tissnes in their arrangement and mode of divisioa (Fi^. 59). 
To these belong the oil cavities which traverse the primary cortex 
and phloem of the Compositae, and the gom-resin-dncts of the 
TJmbellifera and their allies, in which the resin is mixed with 
gum : also the resin-ducts of the Terebmthacete, Simambesp, and 
Coniferse, which contain a Balsam^ i.e^ a solution of resin in an 
ethereal oil. In the Conifers (among which resin is wholly absent 
from one genus only, namely Taxus), they are found in the leaTes^ 
the arrangement varying with the species, and they pass from theatn 
into the primary cortex ; they also run longitudinally through the 
wood and transversely in the larger medullary rays. Lysigenons 
resin-receptacles of a spherical form are formed secondarily in 
several species, e.g^ the Larch, in the primary and secondary 
cortex. 

§ 29. The Epidermis. In the lowest forms of plants the 
epidermal system is not sharply defined from the fundamental 
tissue, and is, properly speaking, only the outermost layer of that 
tissue. In the higher plants there is usually a true epidermis (Fig. 
45 e) ; this envelopes most annual plants, and generally consists of 
a single layer of cells, which are in close juxtaposition (with the 
exception of the stomata) without any intercellular spaces: it 
may be easily stripped off from certain parts of many plants (e.^., 
the scales of the Onion and the leaves of B^onia) as a thin trans- 
parent membrane. In some special cases, e.g^ the leaves of Ficus 
and Peperomia, the primitively single layer of the epidermis divides 
into two or more layers, of which the outer layer alone has the 
appearance of a true epidermis. Sometimes the cells cf the epi- 
dermis differ very slightly from those of the internal tissue, as in 
the roots and leaves of many water-plants; but the difEerence 
between the epidermis and the tissues which lie beneath it, in the 
case of the stems and leaves of terrestrial plants, is well marked, 
and the epidermis is usually further distinguished by certain pecu- 
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liar Btrnctnres, ancli as atomata and hfurs. Tlie epidennal cells but 
seldom contain chlorophyll, bnt, on the other hand, they often con- 
tain other colouring-matters in eolution. In those parts of plants 
which grow to a considerable length, their form is usually elongated ; 
in broad leaves it is commonly 
tabular. The eide walls have 
very frequently an undulating 
outline, BO that the adjoining 
cells fit into each other. The 
external wall is usually mncb 
more thickened than the other 
walls ; its outermost layer is 
always cuticularised, and is 
called the culicle; it is clearly 
defined from the inner layers, ^ 
which are also more or less {" soo); ji pttreachram ot iha fimdamenuil 
cuticularised (Fig. 60), and it ""'"'i <"'^-''="'y- 
extends continnously over the whole of the epidermis. It has a 
tendency to form thickenings projecting outwards from the surface. 
Particles of wax are included in the cnticle of many terrestrial 
plants which protect their surface from being wetted by water, 
This was often appears on the 
Borface in the form of small 
granules, rods, or flakes, and 
then forms a bluish bloom, which 
ia easily wiped off, or sometimes 
a considerable mass, as in the 
fruits of Myrica cerifera and the 
trunks of some Palms (Ceratoxy- 
lon andicola and Klopulockia c 

The Slnmata are organs which 
here and there interrupt the con- 
tinuity of the epidermis and per- 
mit communication between the 
air contained in the intercellular ' 

, . ,, , , J, ., n tha two gnard-celli 

1 in the vessels, and the 

temal atmosphere. Each stoma consists of two peculiarly modi- 

l epidermal cells called guard- cellg ; these, when seen from the 

rface, appear usually of a half-moou shape (Fig. 61 sz) and sur- 

i the opening of the stoma. This leads to the aiT-cavity (Fig. 




— Btotoa of a leaf of Commi 
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60 Oi & lar^ intercellalu space between the epidenms and the 
underlying tissue, which communicates with the other interoellnlar 
spaces. The whole stoma originates thus : a young epidermis-coll 
divides into two, the two goard-cells; these are separated by a 
Boptnm, which is at first simple, bnt which aabaeqnently splits. 
The size of the opening may be increased or diminished by the 
action of external influences, and this is effected by changes in the 
form of the guard-cells. Stomata are found on almcet all parts 
of terrestri^ plants which are above the ground, and are par- 
ticularly abnudaut on leaves (as many as 600 to the square milli- 
metre) i they are OBQEdly wanting in submerged otgans, and are 
always absent from roots. 

Bairs are products of the epidermis, and are generally formed by 
the outgrowth of single epidermal cells. They may remain unicelln- 
lar, as in the case of the rooi> 
hairs which form the vetvety 
covering of young roots, uid of 
the hairs on the outer coat 
(testa) of the seed of Qossypium, 
which constitute Cotton ; or they 
may undergo division so that 
they consist of a row of cells 
(Fig. 62 a, d); or again, the ont- 
growth from the epidermal cell 
may undergo divisions in two or 
more directions, in consequence 
of which either a layer of cells is 
found, as in the case of the scales 
(raTnenta) on the leaves of Ferns, 
or a mass of cells, as in the case 
of the stiff hairs on the fruits of 
Thistles and siniilar plants. If 
a mass of cells be formed at (he 
apex of a hair, or if the cells 

Fia. 62.— Hoiiaoua voaDaovarTOlCunir- ,, , , 

bit* (x ioo)i b giandoiM h.iTi . ■/ Mriy, "ear the apex are much larger 
oagu ot deTBiopment. than the rest, it is called a yZan- 

dular hair (Fig. 62 b). In many cases the contents of the hair-cella 
disappear at an early stage, as in Cotton, and are replaced by air. 
Sometimes the membrane becomes greatly thickened, and oft«i 
contains deposits of considerable quantities of lime and silica. The 
stinging hairs of Nettles and other plants secrete an acrid fluid 
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I 'wticli, OB their points bi«E>k very easily, enters the object touching 

j them. 

The Glandg, the secreting organs of the epidermig, are pecnliar in 

' that the secretion (which is nsnally of a sticky nature) makes its 
appearance ia the sn-bstaace of the cell-wall nnder the cnticle : it 
causes the cuticle to Bepaa^te from the remainder of the cell-wall, 
and finally rnptnres it. Secretion takes place freqnently oper the 
general surface of the epidermis, as in yonng twigs of the Birch, or 
over certain circnmscribed areas of it, as the teeth of the leaves of 
Pmnus, SaUx, and other plants, and the nectaries of flowers, or at 
the apex of glandular hairs, as in Primula sinensis : the eolleters 
which clothe the young organs in the winter-buds of trees, and 
■which cover the unfolding leaves with their secretion, are also 
glandular hairs of this kind. Digestive glands, which secrete a 

I fluid capable of dissolving various foreign bodies, are pecnliar to 

I (sertain plants ; they are found in the " tentacles " of Drosera, etc, 

(Fig. n). 

In those parts of 

plants which grow in 

thickness, snch as the 
L stems and branches 
I of trees, the tubers 
t of the Potato, and a/' 

napiform roots, the 

epidermis is usually 

unable to keep pace 

with the increase of 

the circumference, 

and it mptures : a 

new protective tissue 

is usually formed 

from the cortical 

fundamental tissue, 

which is termed the ( 

(hrh or Periderm. 

Thie consists of tabular cells arranged in rows perpendicnlarly to 

the circnmference of the organ; their walls are converted into cork, 

and are scarcely permeable to water : they usually contain nothing 

but air (Fig- 63 k). The cork-cells are formed by tangential divi- 

i taking place in the cells of a special meristem, the Phdlogev, 

laud lie externally to it: frequently parenchj-matous cells containing 




Fl8 (B.— Cork of 



ine-renr'8 shoot of AiianHait i 
« the dead epideTinu, fc cork 
lalio (pheUogan) ; i- primary a 




66 PA£T n. — THE AHATOXT OF PLA5T8. [§ 29. 

chlarophyll are formed in a similar mamier from the ph^ogen, and 
lie intemallj to it : these are known as PheUoderm. 

A formation of cork is wholly absent in onlj a verj few woodj 
plants, as the Mistletoe and a species of Maple {Acer Penntiflvami' 
cum) ; in Enonymns it occnrs only in branches of several years* 
growth. It nsnally takes place in one-year's shoots towards the 
end of snmmer, so that their originally green colour is changed to 
brown. This periderm, which serves as a snbstitnte for the decay- 
ing epidermis, and which may be termed primary, is nsnally fanned 
in the ontermost layer of the cortex in immediate contact with the 
epidermis; in rare cases the epidermis itself is transformed into 
phellogen (in Salix and the Pomace»), or the phellqgen originates 
in a more internal layer of the cortex (LegaminosaB, Larch, Bibes), 
or even in the phloem (as in the Grape- Vine). In conseqnenoe of 
the impenetrability to water which is characteristic of the corl- 
cells, all the tissues outside the periderm necessarily dry np, and 
these dried-up tissues, which may belong to different tissue-systems 
and include the most various forms of cells, constitute what is 
known as Bark. In roots the primary periderm is always formed 
in the pericambium ; consequently the whole of the cortex, which 
is often of great thickness, is transformed into bark and is thrown 
off (compare Fig. 49 B). 

When the primary periderm originates in the outer layers of the 
cortex (or in the epidermis), it forms for many successive years the 
external investment of the branch ; it may attain considerable thick- 
ness, as in the Cork-oak, and at the same time exhibit an alternation 
of dense and loose layers {e,g,, the Birch, in which the layers maybe 
peeled off in thin white sheets) ; sometimes (as in Acer campestre and 
the Cork-elm) it forms wing-like projections from the angles of the 
branches. In a few trees, as the Silver Fir, this primary periderm 
persists for some years, or, as in the Beech, during the whole life of 
the tree ; the outer cork-cells split off as the trunk of the tree in- 
creases in thickness, while the phellogen, growing and extending in 
a tangential direction, gives rise to new layers. In most cases, after 
a few years, new secondary layers of periderm are formed in the 
deeper layers of tissue, causing, naturally, the production of a very 
considerable bark. If the new secondary layers of periderm occupy 
only a part of the circumference, and their margins are in contact 
with the periderm which has been previously formed, a scaly bark 
is formed, that is, isolated patches of tissue are transformed into 
bark. This bark is stretched and torn by the increasing size of tho 
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tnmic, and the Kales of it may be sKed, as is the case in the Plane, 
or they may adhere one npon the other, as in the Pines and Larches, 
or remain coimected by the bast-fibree in long strips, as in Bobinia. 
When, on the other hand, the primary periderm has been formed in 
the deeper layers of the cortex, the secondary periderm often forms 
complete cimcentric rings ; thus hollow cylinders of the cortex are 
transformed into bark (ringed bark). The longitndinal mptnre of 
this kind of bark is effected by the bast-fibree enclosed in it, e.g., 
Vine, Clematis, and Thnja. 

There are in the periderm organs corresponding te the stomata of 
'Uie epidermis, and serving, like them, to admit air to the living 
portion of the cortical tissne ; these are the Lenliceh. They are 
nsnally circnmscribed circnlar areas of the periderm where the cork- 
cells formed in the coarse of the snmmer are not arranged closely 
tc^ther, bnt are separated . 




by intercellnlar spaces. In 
winter the lenticels are 
closed by ordinary cork- 
cells. They are most easily 
detected in branches of one 
year's growth, where they ^"^^^^^^^^fil-^ 

fi 

or wlituk ipeoln under the . ,„, ., „„ „ „,, . .„«„», , .unosn. 

places where the stomata l oaUa ami pi Uie phellogen at tha lenlicsl, le corti- 

occnr in the epidermis. <»i P»"°*r™ """i'^ """op^Ji- 
These spots are commonly the starting-points of the formation of 
cork. In many trees, as the Birch, the lenticels become mnch ex- 
tended in width by the growth of the branch in circnmference. 
When the cork-layer is very thick, oa in the Cork-oak, the lenticels 
form deep canals filled with a pnlvemlent mass of cells. 

In woody plants the falling off of the leaves breaks the continnity 
of the epidermis. This process is induced by the formation in tho 
antnmn of a zoae of pecoliar tissne at the ba^ of the leaf, the cell i 
of which become separated along one plane by the splitting of the 
common walls, so that the cells remain nninjured. Cork is sabso- 
quently formed nnder the layer of cells covering the portion of the 
leaf which remains attached : the cork formed here becomes con- 
tinnons with the periderm which invests the branch. 

§ 30. The Primary Meristem and the Apical Cell. 
The growing end or apex of an organ, such as a root or a stem, ia 
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called the groteing-point (^ptmelvm vegeialionigy. In roots it cui be 
readily distingaislied on account of its freedom from colour, and it 
will be seen to be enveloped hj a transparent mass of tiasae forming 
the Tool-eap (see § 7). In stems tho growing-point is inveBtcd by 
tho jauDg leaves. la tbe growing-point the different forma of odls 
and Bystema of tissae which have jnst been described are not yet 
, present ; it consists of a tisane, the cells of which are all capaUo of 
division, rich in protoplasm, thin-waJled, and in close joztapocdtion, 
withont any intercellnlar spaces : this is the primary merUtem. 
Host leaves and fmits, and many other organs, consist, at the 
earliest stage i^ their development, wholly of primaiy meristem, 
which is snbseqaently traostormed into the different forma and 
systems of tissue, so that none of the primary meristem remains. 
In those organs, on the other hand, which have a continnons apical 
growth, as most 
stems and roots, new 
primary meristem is 
constantly being 
prodnced propoi^ 
(ionately to its trains- 
I tormatdoD into p«r- 
I manent tissue 1^ 
the formation of new 
cells at the growing- 
point. At the apex 
of a root, the tissne 
<^ ttie root b formed 
backwards from the 
primary meristean, 

Fia. <KI.~LoiigitiidiDaI KcUon throsgli [ha apical regton of and the rOot-cap fOT- 

a il«m ol pMlimOia ™Kji(r.(fcii, a Uou growing ia mler _„-^_ . il,- o-4.„_,„l 

(■nar KUgebl : . ths ^LcH cell of tho shoot, prodncing th™ ^ ' ^^ external 

rows of segmeaU which ■» at fint obliqaa and ■Kerwards cells of the latter 

placed tra>i.v«»I; (duttngotahcd bj a Mrongcr outline), ^re constantly beimp 

Each BcgmBnt a fl«t of all divided \,j ths wall ■ into an ' wBuig 

inner and an outer celt i the fonnsr prodnccs a pait of the WOm off. 

mwr tmsue of the e-.em. the laUor the corle. of the stem and la Oypfawams 

ale>it Lfa[-furming Bhoota arlie beneath certain leacse a , . ir~a 

triaiignlBJ- npical cell (.) Doing formed from an outer cell' of ""^ Constant prO- 

thoBogmBnt,whioh theti,likeB.pTodace» threerowaof Beg. dnction of primWT 

menlB i and each lagment here alao rOiiae a leaf . . , . 

menstem is nsnally 
effected by means of a single cell, which occupies the apex of the 
growing organ, and is distinguished by its size and form; this 
ia the opical ixll (Fig. 65 v). This is the caso in tho higher 
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ThallopLytes fbnt not in Fucns), ia tte MnBcmete, and in the 
Vascular Cryptogams (bat not in Lycopodiom, Isoi^tea, Bome 
Selaginellas, roots of Marattiacem) : in these exceptional cases no 
single apical cell is present. From tliis coll all the cells of the 
primary meristem, and consequently those of the whole mass of the 
plant, originate in the following way : it divides in regular sac- 
cession into two; of these, the one remains exactly similar in form 
to the original apical cell, it increaaea in size, and then fnlfils the 
functions of the apical cell in ita tnrn ; the other, known as the 
segment, by further snbdiTision (Fig- &h ah c), forms a portion of 
the tisane of the organ to which it belongs. The whole mass of 
tissue ia formed from the segments which are thus successively pro- 
duced. The mode of the formation of the segments ia very simple 
in some Algte, where the terminal cell is divided only by transverse 
septa, so that the segments form a longitudinal row. The process is 
more complicated when the segments are cut off right and left 
alternately by ohliijue walla which intersect. It ia still more com- 
plicated when, aa in the stems of Mosses and of Ferns, the terminal 
cell is wedge-shaped or hm the form of an inverted three or four- 
sided pyramid; segments are cut off from eachi of the sides by 
inclined walls in regular succession (Fig. 65). The* root-cap is 
formed by segments which ore cut off from the apical cell by wallo 
parallel to its free surface. 

From the foregoing account of the growing-point of Cryptogams 
it is evident that tho tissues of such stems and roots aa possess an 
apical cell must necessarily have a common origin. In the Vascn- 
iar Cryptogams the eomniencing differentiation of the tissues in 
the primary meristem of these members can naually be observed 
close behind the apical cell. There is a distinct external layer of 
jeella, known as the dermalogeii, which is the primitive epidermis r 
rithin this are several layers of cells, termed periblem, from which 
e cortical tisanes are derived ; and in the centre is a cylinder of 
BOmewhat smaller cells, the plerome, from which the axial tissues, and 
most commonly the fibro-vascnlar bundles, vriil be formed. 

In the Phanerogams, aa well as in those Vascular Cryptogams 
which have been already mentioned as exceptions, the growing- 
point has no apical cell. It consista of a primary meristem which 
nanally exhibits, in the stem at least, the above-mentioned differcn- 
^^ tiaition into three systems. The tissnes of the mature members 
^Bj^ve not, therefore, a common origin, as is the case when an apical 
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•snr^niiincr 5]f"3t«»Tn • t lit* "r.iiiarr Tnerstem. jxrootB rime iaixL: 

;Y%or-^skn '..^ • i«»f .»i,-vT»rt. ont 'ha ■■ iiferertr ■■Miina of rheTirmiaLV uiiuJafiBBL 
ija nnr ^o :*p<rri [-^r \m ',z .a ji sterna : izL iTire -:!aBes i Hrdzocfaazi% 

.^ot-j-lprintiB i 'h*» ■*iiiii*»rmi8 ruiri -he i*orrex :ire developed. froouL sk cobi^ 
mon :n<>ri4t«»maric laver. .« "hat i^iziatoeRL :uui nenbleoL canzior lift 
>iwtin<rni:4h«»rt : in •^rhpr34 loauzi mosc Dicotyieduna ) tfaftrooc-«aip and. 
thft -^nirif^rmii* ^re i*»nve<i from. % TOzziznozL laTO*. and txzaJlj; in. 
^7mno"»T)ermi», the nrimaiy aieristerx jtmaiaiB osiv of piefome and 
p^hlem. 

§ 31. Farmation of Tissue in corraeqiience of Irfjiiry. 

Wri#>Ti rhe intpmal ^.isvmesk of moat partB of pianiB aze laid barft bj- 
injur}', ^h^y are ^jfrarituUly corexcd by a fbrrnarrnn of co^ Tmlrrng' 
pift/'e in ^fiA ontprmogt larer xy£ cella wiuck rKnaiiL mmijiir ad and 
Cf»y>fth)e of :3p'0wth. Thu in eaailj' seezi in injured £niiiai» leaeveB^ and 
h^*rh^r»^onfl .-?t#*m«, in which the winmda that have beeac ove± c d by 
a layer of rttirk arc (iustingnkhed by a grey-brown colonr. Tie 
pro/>^^ in ^ery eany m ohflerre in potatolcnhoa. for each partian 
of h'vin^ tinmie taken from one, if only preveu ted from, drying^ too 
qTiickly, will soon be covered over the whole anz&ce by a layear of 
cork precisely inmilar in .^trnctnre to the ordinary muL In planta 
in which the wood is well dev^oped, coik is not immediately 
formed — particnlar]y when the camhinnL ia wonnded or laid bare — 
bnt all the livin^^ cells which border on the woond gr?e zme to a 
horno^eneons parenchymatona tisane known aa the Calhu^ If the 
wonnd is small the calln»-cella proceeding from the different sides 
sooti come into contact and close np into a single masa of tissne^ 
which then gi^es rise to cork on its onter sorface, and, joining the 
oM cftmbixim at the mar^ns, forms a new layer of camhnim, which 
fi lis op the cavity. If the wonnd is a large one^ cork and new cam- 
hinm are tmtnf^l in the call as at the margins of the wonnd, and it 
is fitfi wholly ck>sed till after repeated rnptnre of the approaching 
Cnshi</ns (A callns* The wood exposed by the wound, which nsnally 
AflstimffS a (lark coUmr nnder the inflnence of the air, does not grow 
wif/h that f(/rmed tr<m\ the new cambimn of the callus; hence in- 
w^ripikms, ttrr mninn(% which are cut in the cortex so as to reach the 
w(i(Fd, th(Fti^h mihm(\noui\y covered by a number of annual layers 
tit wood (jorrcFipofiding to the number of years, may easily be found. 
A NiinllAf ftjiplatiaiion accr/unis for the fact that the surfaces of the 
fiiitiitpn of eui-oil bmnohos booome overgrown; the callus first ap- 
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pears as a ring from the camlnTiiii exposed in the. transverse section, 
and afterwards closes like a cap over the old wood. Foreign bodies 
— naOs, stones^ and stems of other plants — maj thns become en- 
closed in the wood of a tree and be oyergrown bj it ; the cortex, 
being forced against the foreign object by the pressure of the grow- 
ing wood, splits, and tibe callns formed in the rent grows ronnd the 
object, enfiloBing it and producing new cambioin. 

Stems of plants of the same species will grow together if the j 
are in dose contact; the callns formed by the cortex of both, 
coalesces and gives rise to a common, cambinm. On this depend 
the varions modes of artificial grafting, in which branches or buds 
with a portion of the cortex are taken from a variety or an allied 
species and placed so that their cambinm is in contact with that 
of a stem which serves as the stock, and subsequenUr they grow 
tegether. 



PAET III. 



THE PHYSIOLOGY OF PLANTS. 



CHAPTER I. 
CHEMICAL PBOCESSES IN PLANTS. 

§ 32. The Elementary Constituents of the Food of 

Plants. All parts of living plants contain a considerable quantity 
of water: tHs forms not merely the principal constituent of the 
cell-sap, but also saturates the cell- walls, the protoplasm, in short, 
all organized structures. It is one of the peculiarities of organized 
structures that minute particles of water are interposed between 
the particles of solid matter of which they consist. By heating to 
100° or 110° Cent., all the water contained in any part of a plant is 
expelled, and in consequence it will naturally lose weight. The 
amount of this loss, that is, the quantity of contained water, is very 
dijSerent in various plants ; ripe seeds dried in the air contain from 
12 to 15 per cent, of water, herbaceous plants 60 to 80 per cent., 
and many water-plants and Fungi as much as 95 per cent, of their 
whole weight. 

The residue, which gives off no more water at a heat of 100° Cent., 
the dry solid, consists of a great variety of chemical compounds ; 
these are partly organic, that is to say, combinations of Carbon with 
other elements^ and partly inorganic. Those organic substances 
which occur in the living plant (with the exception of salts of 
oxalic acid) all contain Hydrogen. Some of them, such as many 
oils, consist of these two elements only (Carbon and Hydrogen), but 
by far the greater number, including Cellulose, Starch, and Sugar, 
as well as the vegetable acids, and certain oils, contain Oxygen also. 
The albuminous substances consist of Carbon, Hydrogen, Oxygen, 
Nitrogen, and Sulphur ; in other bodies which contain Nitrogen, as 
Asparagin and many alkaloids, there is no Sulphur ; from certaiQ 
other alkaloids, for instance Nicotin, Oxygen is also absent. 
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The organic compoiuids can for tie most part be resolved into 
volatile products — cbiefly carbonic acid, water, and ammonia — ^by 
exposure to great beat with free access of air, that is, by combus- 
tion. The inorganic residue is a- white,' or, if the combustion is 
imperfect, a grey powder, the ash. 

As the result of chemical processes attending the combustion, 
the sulphur previously contained in the organic compound appearsi 
as sulphates in the aflh, and the carbonic acid formed during com- 
bustion combines with some of the inorganic substances. These, 
therefore,- must not be* included in an accurate estimate of the con- 
stituents of the ashr 

The aflh usually constitutes but a small percentage* of the whole 
dry solid of the plant. The following analyses of various portions 
of plants will give an idea of its amount and composition : — 

1000 PABTS OF DRY SOLID MATTER CONTAIN : 
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Ferric 
Oxide. 


Phosphorio 
Acid. 


Salphnric 
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OQ 
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Clover, in bloom 


68-8 


21*96 


1-39 


24-06 


7-44 


0-72 


6-74 


2-06 


1-62 


2-66 


Wheat, grain 


19-7 


eu* 


0-44 


0-66 


2-36 


0-26 


9-26 


0-07 


042 


0-04 


Wheat, straw 


53-7 


7-83^ 


0-74 


3-09 


1-33 


0-33 


2-58 


1-32 


36-26 


0-90 


Potato tubers 


37-7 


22-76 


0-99 


097 


1-77 


0-46 


6-53 


2-45 


0-80 


1-17 


Apples 


14-4 


514 


3-76 


0-69 


1-26 


,0-20 


1-96 


0-88 


0-62 


— 


Peas (the seed) 


27-3 


11-41 


0-26 


1-36 


2-^17 


0-16 


9-95 


0-95 


0-24 


0-42 



These constituents of the ash do not form a merely accidental 
mixture ^ it has been proved by experiment that certain inorganic 
matters are absolutely necessary to the life of the plant. Those 
elements which the plant requires for its nutrition, and which must 
therefore be regarded as parfc of its food, are : 

I. Those forming the organic compounds. Carbon, Hydrogen, 
Oxygen, Nitrogen, and Sulphur. 

n. Those forming the inorganic compounds. Phosphorus, 
Chlorine, Potassium, Calcium, Magnesium, Iron. 

Besides these we find in the ash of many plants — though they 
cannot be regarded as essential to nutrition — ^the following ele- 
ments: 

Sodium, Lithium, Manganese, Silicon, Iodine, Bromine, and in 
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rare caaes, alao Alnmininm, Copper, Zinc, Cdbalt, Nickel, Stron- 
tinm, and BariTiin. 

Fiaorine must also exist in vegetables, for it ia found in a, per- 
ceptible quantity in the dentine of animals which feed directly or 
indirectly on vegetables. 

§ 33. The Absorption of Carbon. The source from which 
all plants containing chlorophyll derive their carbon ia simply and 
aulely the carbonic acid of the atmosphere (or in the case of anh- 
merged plants, that which is held in solntion by the water), which 
is decomposed under the influence of light by the cells which con- 
tain chlorophyll. If a water-plant (e.^., a loaf of Fotamogetonnataiit, 
cr a. portion of the stem of Elodm eanadmisis) be placed in water 


d " 


1^^ tion, and be exposed to sunshine, 


IP^^^W^BB^^fef.., 1 snrface of the leaf or stem bubbles 
|H^^^^^^^^|HH of gas are given off at regular 
^^^^^^^^^^H intervals (Pig. 66), These cou- 
P|B^^^^H^^fc^l aist of oxygen. The carbonic acid 


rta. 89.-Bvolallon of oxygon troni a rophvll-COrpnScles in 8Hch a Wav 

.«m ; u a weight thftt keep, tie stem In. it, t^i^t part of its oxygen IB restored 
place ;pUieE'u-iJ"i)We8cisiiiBauiL tie one to the atmosphere, whilst the re- 
'^'"^- Bidue combines with the elements 
o£ water to foi-m organic compounds, which therefore contain 
carbon, hydrogen, and oxygen ; the last, however, in smaller pro- 
portion than does carbonic acid (COj). Since almost all the 
constituents of the food of plants (and not carbonic acid only) ara 
compounds which are rich in oxygen, containing, in fact, for the 
most part the maximum proportion of that clement, and since the 
prodncts formed within the plant itself are all very poor in oxygen, 
—some of them being wholly destitute of it,— it is a necessary in- ' 
ference that ia the course of nutrition considerable quantities o£ 
oxygen must bo evolved. 

The first organic compound which can be detected as a prodnct. 
of this process is in most plants Starch (CgHjoOs), which makea 
its appearance in the chlorophyll-corpuBcles in the form of minute 
granules ; sometimes grape-sugar is formed instead. A certain 
temperature and the co-operation of light are both indispensable ta. 
this process ; in the dark no oxygen will be eliminated, and tha 
formation of staroh-graina ia the chlorophyll-corpusclea mil also 
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bo no longer observable. Of the di&rent rays which, compose the 
solar spectrum, the least refrangible, and particnlarly the yellow 
rays, hsuve the most effect in promoting this process. The organs 
which are adapted for the performance of this function are those 
which are rich in chlorophyll, particularly the foliage leaves. 

No carbon is assimilated by green plants in any other way ; ex- 
cepting this particnlar process, there is no instance in all nature of 
the conversion of carbonic acid into organic componnds which con- 
tain a smaller proportion of oxygen; hence all carbon, even that 
contained in the organic componnds of the animal body, is derived 
from the carbonic acid decomposed in the chlorophyll-corpuscles. 

A number of plants which are not furnished with chlorophyll — 
for instance, all Fungi and a few of the higher plants, as the 
Dodder (Guscuta), Orobanche, and Monotropa — are unable, in con- 
sequence of its absence, to decompose carbonic acid ; hence they 
are compelled to derive their organic compounds directly from 
other Hving plants, or from the decomposing remains of other organ- 
isms (humus) : in the former case they are said to be jparasitea 
(e.^., Guscuta, Orobanche) ; in the latter they are called sajprophyies 
(e,g^ Mushrooms, Neottia, Monotropa, etc.). 

§ 34. Metabolism. The substance formed in the chlorophyll- 
corpuscles — that is, starch, in the majority of plants — constitutes 
the raw material from which all the other organic substances of 
the whole plant are elaborated. In this process of elaboration, 
the combined nitrogen and the inorganic substances absorbed from 
the soil, and the oxygen taken up from the atmosphere, are also 
concemed. The starch-grains (or their physiological equivalent) 
are continually being absorbed and removed from the chlorophyll- 
corpuscles. Under normal vital conditions, when the plant is 
exposed to the light, the formation of starch is in excess of the im- 
mediate consumption, so that starch-grains are always to be found 
in chlorophyll-corpuscles ; but if the plant be placed in the dark, 
the starch-grains gradually disappear. 

Of all the substances which are elaborated in the plant, those are 
the most important which contribute to form the substance of the 
cell- walls and of the protoplasm; they are spoken of as plastic 
substances. 

The cell- walls consist of cellulose, C^'EL^qO^ It has been shown that 
Starch, Sugar, and Inulin, which have a similar chemical constitution, 
as well as fatty matters, all serve as material for the formation of 
cellulose, and arc thus the plastic substances for the cell-walls. 
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Tho protoplasm consists essentially of albiuninoiis snbstanoeB 
(proteids), which, all contain nitrogen and snlphnr ; snch albnniin- 
ons substances and other nitrogenous compounds, as aspara^ 
constitute the plastic materials for the protoplasm and allied struc- 
tures, such as the chlorophyll-corpuscles. 

The plastic substances are not consumed at once in the organs ixi 
which they are formed, but they are generally utilized in other 
parts of the plant and at a later period : hence they are stored up 
for a time, sometimes for a long time, in considerable quantiiies iiB 
special organs, and are then called reserve materials. The seeds o£ 
all plantfr are organs for the storage of such reserve-materials; 
they contain, besides the- embryo, the- nutritive substances which it 
requires during the first stages of its development. Tubers are 
also such organs, and thickened roots (Potato and Dahlia tubersi 
Turnips), as well as the persistent parts of perennial plants, such as 
the rhizomes of herbaceous plants, certain parts of the tissue of 
the branches and trunks of trees and shrubs^ aoid in evergreen 
plants even the leaves themselves. 

Potato tubers, for instance, contain, as is well known, a great 
quantity of starch ; when the buds grow out into shoots, and new 
plants begin to be formed, the starch disappears in proportion as 
new cell-wall» are developed. In the same way the* starch of the 
seeds of cereals, the cane-sugar of the beet-root, the inulin of 
Dahlia tubers, the fatty oil of the seeds of the Kape, the Pumpkin, 
the Sunflower, and other plants, is used up in the formation of the 
cell-walls of the new plant. Certain layers of cells, particularly 
the cells of the medullary rays of trees, contain, in the winter, a 
quantity of starch which is absorbed and consumed during the 
spring when new shoots are developed. Cellulose itself occurs as a 
reserve-material in the seeds of the Date and other Palms; the 
remarkably thickened walls of endosperm-cells are absorbed during 
germination, and subserve the growth of the seedling. The pro- 
teid-grains (aleurone) described in § 15 are the albuminous reserve- 
materials of the seed. 

If seeds are made to germinate, or if shoots grow out from other 
deposits of reserve-material, as- potatoes and the like, in the dark,' 
no fresh formation of plastic substances can take place, so that the 
whole of the newly-formed cells are developed at the expense of 
the reserve-materials ; thus the degree of development reached by 
plants grown in the dark depends on the supply of reserve- 
materials, which varics> in different plants. For instance, if tho tiny 
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seed of the Tobacco germinates in the dark, only a minnte seedling 
is developed, while a potato tnber or a beet-root can nourish large 
plants. 

The plastic snbstances which are stored np as reserve-material 

nxxdergo a series of changes before they attain their final form, 

wliich may be cellnlose, or the proteid of protoplasm. The plastic 

HL&terials for the cell- walls, whether they are deposited as starch, 

cane-sugar, innlin, fatty oils, or cellnlose, are always in part 

changed into grape-sngar, which is conveyed in solution through 

ibe parenchymatous cells by diffusion to the spot where it is to bo 

utilized, — that is, to the place where the new cells are being formed. 

Tery frequently a temporary deposition of it in the form of starch 

occurs in the conducting tissues, more particularly in the bundlc- 

fiheaths. 

The intermediate forms assumed by the albuminous reserve-sub- 
stances are but little known. These substances appear generally to 
travel slowly through the thin- walled elongated cells of the phloem, 
but in some plants asparagin appears as an intermediate form, 
wUch travels through the parenchymatous tissue. 

The starch of the chlorophyll-corpuscles is conducted, in the same 

way as the starch of the reservoirs of nutriment, to the spot whero 

it is to be utilized, partly in promoting the growth of the new 

(ngans, and partly in being stored up in one of the depositories in. 

the form of one of the above-mentioned substances. 

A great number of compounds of carbon occur in plants, which 
stand in no direct relation to the development of new cells ; they 
are the by-products of metabolism, which are formed partly as an 
inevitable result of the various changes effected in the different 
plastic substances, and partly also in connection with the perform- 
ance of functions which are at present in great measure imknown. 
Among these by-products are Tannin, Colouring matters. Acids, 
Alkaloids, Volatile Oils, etc. They also are formed from the re- 
serve-materials, which are therefore never entirely consumed in the 
construction of new organs. 

Finally, the products of degradation, are the last terms of the 
series of changes expressed by the word metabolism. They can 
undergo no further modification in the organism, and they have 
been formed from its organized constituents. To these belong most 
kinds of gum. In Gum Tragacanth, which is excreted by many 
species of Astragalus, the organization of the cell- walls is plainly 
perceptible ; they have become capable of swelling-up enormously ; 
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Cherry Gum is formed in the same way from cell- walls which have 
become diflnent, but it is not soluble in water. Ghun Arabic, wliich 
is formed by several kinds of Acacia, consists of cell- walls wMch 
have been so greatly changed as to be absolutely soluble in water. 

§ 35. The Source and Significance of the other Con- 
stituents of the Food. All the nutriment of plants, with the 
exception of carbonic acid, is derived from the soil. 

The Hydrogen of the organic compounds is obtained by tiie 
decomposition of the water which permeates every part of the 
plant, and is constantly being absorbed from the earth. 

Nitrogen^ which is an essential constituent of albuminous sub- 
stances, is never assimilated in a free form ; although it is preseni» 
in large quantities in the atmosphere, a plant perishes if the soil in- 
which it grows contains no compounds of nitrogen. Nitrates ancl 
compounds of ammonia are widely distributed, and it is in this 
form that nitrogen is taken up by the plant. 

The small group of carnivorovs plants, such as Drosera and 
TJtricularia, have a special means of obtaining nitrogenous food ; by 
their leaves they capture small insects, etc., and absorb compounds 
of nitrogen from them. 

Sulphur^ which is a constituent of albuminous and a few other 
substances occurring in plants, such as oil of Mustard, is derived 
from the sulphates of the soil. Probably the formation of crystals 
of oxalate of lime is connected with the decomposition of the 
absorbed sulphates : the oxalic acid of the plant combines with lime 
to form oxalate of Hme, liberating sulphuric acid which then 
undergoes further decomposition. 

Phosphorua is a constituent of the phosphoric acid which is 
always found associated with the albuminous substances, and which 
seems to stand in some close relation to them ; phosphates consti- 
tute a large proportion of the ash of seeds. 

Ironj though it is met with in very small quantities, is absolutely 
necessary for the formation of chlorophyll, and therefore also for 
the formation of starch. The leaves produced by plants which are 
not supplied with iron during their growth are white so soon as 
their own store of iron is exhausted ; these leaves, which are said to 
be chlorotiCy become green in consequence of the formation of chlo- 
rophyll, if the soil be supplied with iron, or even if their surface 
only is washed with a very weak solution of. iron. 

Potassium is found in the form of salts combined with various 
organic acids, as tartaric acid, racemic acid, and oxalic acid. Un- 
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Cmkimm mad Mmgmmium Itaxe been s2iow2i to be iieccssarr to the 
def^do|HiieB& of plamsy bat iiodinvr beyond tbk k acc^^ 
as to tlieir fmictiaD. TIkt occur as salts of Hme and 
in ma i binati an with both organic and iooKganie acids. 
As regaids CUdHme, it bas been expenmentallT proved so far to 
be JiMK^yens a M e in the case of one jdant onlr, the Backwheat 
(JViIy^nnan ^(ugofynBm)m 

It has been di scov er ed bj experimental cnltnres. that a plant can 
be p e i foiily nourished if it is supplied with aU those dementjunr 
a nHUaiir e s whidi haxe been enumerated as essential. This m^ht 
be done^ for jn^tanrpj by snppljiiig it with either of the two follow* 
ing groiq^ of cheoiical oompounds : 

1. 2. 

miiate Calcic mtratc 



Ammonic nitrate 
Potassie superphosphate Potassic sulphate 

Msgnesie solphate Magnesic phosphate 

FcRtms phosphate Ferrous chloride. 

Sodic dikride. 

In these two mixtures, as w^ as in others of the same acids and 
which might be formulated, all the fgisential dements aro 
inchided in forms suitaUe for absorption. 

§ 36. The non-essential Constituents of the Ash. 

SiUeOf a compound of silioon and oxTgen. is distinguished from 
the previoosly-meutaoiied constituents of the ash, not only in that 
it occurs sometimes in greater and sometimes in smaller quantities, 
but more particularij in that the amount of it present in any organ 
increases with the age of the organ. Hence it may be inferred 
that it can hardly stand in any direct relation to the chemical 
pr oces se s of nutrition. Moreover, plants which are usually rich 
in silica can be brought to an apparently normal development 
under conditions which render the absorption of silica impossible. 
Iodine and Bromine are found in many marine plants, especially 
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in Alg09, and are prepared from them ; it is not known if they are 
of any valne in the economy of the plant. 

Sodium, being universally distributed, is found in plants. 

Lithium occurs in the ash of several plants, particularly in 
Tobacco. 

Zinc, Copper, and other metals, though they are not commonly 
present in the ash of plants, are nevertheless taken up by plants 
from soils which are rich in them; from this it appears that plants 
may absorb substances which are not necessary for their nutrition. 

§ 37. The Absorption of the Constituents of the Food 

from the Soil. With the exception of floating water-plants, 
which derive the whole of their nutriment, even their carbonic 

acid, from the water which surrounds them {e.g., 
Utricularia), most plants grow in damp, or in 
dry, porous soil, from which they absorb all 
their nourishment except carbonic acid. The 
organs by which this is effected are the roots, 
or, in rootless plants, hairs, shoots, or branches 
of the thallus, which take the place of roots. 
The epidermal cells and (Fig. 67 A) root-hairs 
come into close contact with the minute particles 
of the soil, and with the water which adheres to 
these particles. Some nutrient substances are 
held in solution in the water of the boU, and 
pass directly into the root-cells by difiEusion: 
others are decomposed by the acid sap which 
is contained in the cells and which saturates 
even their cell- walls, and they then pass into 
FxG. 67. — Root-hairs the plant in the form of salts of organic acids. 

mVi'I Te^mtoatog ^ f P^«^* ^ allowed to grow over a plate of 
plant of Buckwheat polished marble, the calcic carbonate is decom- 

grown ^ water (Poly- 3^^ ^^ ^^^^^ ^^g ^£ ^^^ ^^^ ^y^^^ ^ 

hypocotyiedonary pur- direct contact with the roots, and a complete 
ttonjc cotyledons. outline of the whole root-system is produced 

upon the marble. Thus although these nutritious substances are 
so firmly retained by the soil that they cannot be dissolved out 
of it by water, they are nevertheless absorbed by the plant. The 
plant is enabled to take up these as well as other substances which 
occur in a solid form, in consequence of the very intimate con- 
nection of the root-hairs with the particles of the soil. If a 
«trongly-growing plant be pulled up out of the ground, those parts 
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ol iiie root whick «re proyided with hairs — ^neither the apex nor 
the oldest portioii — will be seen to be closely coTeared with earthy 
partideB which cannot be remoTed withont teanng the hairs. 

It has been fonnd that the ash ol plants which grow dose to- 
gether in the same soil or in the same water, may have a com- 
position which is different in different cases, and which is different 
also from that ol the soil ; hence it has been inferred that plants 
hare a certain power ol sdection, that they can absorb certain 
matters and reject others. This j^ienomenon can, howeyer, be 
more simply explained by the known laws of diffusion. A sub- 
stance which is held in solution by the medium which surrounds 
the plant will continue to diffuse into the cells of the roots until 
equilibrium is set up between the two fluids separated by the 
membrane, and this is equally true of those substances which are 
at once absorbed by the plant as of those which are brought into 
solution by it before absorption. If the substance is not consumed 
in the plant and consequently remains unaltered, the state of equili- 
brium once set up is permanent, and no more of that substance 
will be absorbed ; but if it is consumed in the plant, imdergoing 
chemical change in the process, it ceases to exist in the plant in 
its original form, and fresh supplies wiQ be constantly absorbed. 
Since these chemical changes diffor in different plants, it is possible 
to account in this way for the variety in the composition of the ash 
of plants which have grown side by side. 

The fact that certain constituents of the ash are indispensable to 
the lifo of plants is of the gpreatest importance in agriculture. All 
the constituents of the ash, as well as the nitrogenous compounds, 
are remoYcd eyery year in considerable quantities from the soil at 
the time of harvest. Those which exist in the soil in relatively 
small quantity, such as phosphoric acid and compounds of potassium 
and of nitrogen, must be restored to it : this restitution is the object 
of manuring. 

§ 38. Oxygen ; the Respiration of Plants. In the process 

of nutrition a large quantity of compounds of oxygen is being 
constantly introduced into the plant; and, since the assimilated 
substances which are formed from the compounds are very poor 
in oxygen, it follows that during assimilation a considerable portion 
of the oxygen absorbed in a combined form must be liberated and 
evolved by the plant. In contradistinction to this process — which 
18 effected exclusively in the cells containing chlorophyll and under 
the influence of light — all living parts of a plant, at all times, tako 

Q 
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np oxygen from the atmosphere and give off carbonic acid. This 

process ia Segpiralion, which must bo clearly underatood to be quite 
distinct from the process of the formation, 
of starch. The fact that green plants de- 
compose carbonic acid in the one process, 
and form carbonic acid in the other, and 
continue at the same time to increase in 
weight and to accnmulate carbon-com- 
ponnda, can he simply explained thus — that 
the respiration of these plants is usnaJly 
feeble, while the formation of starch undep 
favourable circamstancea is extremely 
active. If these plants be kept in the 
dark, thoy cannot form starch, and they 
mnst necessarily lose weight and at length 
perish. The more vigorous growth is, the 
more vigorous is respiration. It is abso- 
lutely indispensable to the life of the plant ; 
in an atmosphere deprived of oxygen all 
the vital processes are suspended, the 
movements of the protoplasm cease, the 
irritabUity of sensitive leaves disappears, 
no. 98.-ippari.tu. (or St- ^ "" Mimosa, Oralis (see § 50), and at 

teotiog the ilia of lemperatore last the death of the plant takes place. 

in bhhII opening flDwera or ger- By respiration force ia obtained, and new 

mlnstiag aeed.. Theweilsafa , . , .... 

beaped aa cIoboIj h poHlble In chemical processes are mitiated. 
iha fonnoi r which u inMrtofl Afl in all Other processes of oxidation. 

Into Iho month of a bottlB con- ,.. ,, , ... . ,, 

taiaing a ooioUoa oi oinitio "^^* ^ ^^^ ^^^ "7 respiration m plants j 
poiMh, This abBorbi tho car- but as Other conditions lead to rapid cool- 
£? ™S:?r.St i"S, "» ™ of Ite l«npe»to. i. ™«Uy 
m giui THui, ud a deiicnw observable as the result. A rise of tem- 
ttT^f ""J^^T^^"^ perature is perceptible in special cases 
Om month. The bnib oi the Only, in which respiration is very active, 
thennomeiCT Is plunged in gj^^ „! which the conditions are nnf avom- 
amooglhe BEedi. Tho tempera- ,, , .... . , . . 

tore in thl« spparatna Bill be ^"^^ "• rapid coolmg, as m the germination 

higherihaninanotheriirrangfd of seeds which lie very closely together, 

'~ """^"""FajforoompariKn, ., , p , , ■ n p 

h the portiona of ^■?' *°^ Seeds of barley m the process of 

Um ptant are replaced by Miapi malting; this consists in causing the barley 

to germinate by moisture and warmth, bo 

that the starch which the seeds contain may bo converted into 

Bugar; during this process a porccptihlo riso of t«mpcratnre occurs. 
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Dnring the blossoming of many infloresences, as, for inBlance, of 
Aroids, a rise of temperature amounting to 4°, 5°, or even 10° above 
that of the air has been observed. By means of snitabie apparatus 
(see Fig. 68) a similar rise of temperature may bo detected in 
other plants, even with quite small flowers, as well as dnring the 
germination of seeds. 

Finally, in the few cases in which Fliosphoreseenee has been proved 

to occur in living plants, as in various Fungi, e.y., Agaricus oleariue ; 

this phenomenon is intimately connected with the taking' np of 

oxygen ; the Fungus is luminous only so long as it lives and is snr- 

mded by an atmosphere containing oxygen. The old statements 

f. to the phosphorescence of certain flowers have not been con- 



CHAPTER II. 

THE MOVEMENT OP WATER AND OF GASES IN PLANTS. 

The Slow Movement of Water in the Processes 
of Growth and of Nutrition. A potato-tnber, even if ki.>pt 
quite dry, will sprout under the influence of a sufficiently high tem- 
perature, and in proportion to the growth of the shoots the tuber 
will become flaccid and wither, beginning at the more remote parts, 
in consequence of loss of water. This water is not only of use in 
that it dissolves nutrient substances and thus renders possible their 
transport to the apex of the growing shoot, but it is itself of use 
in the process of growth; for not only arc solid particles of cellulose 
deposited in the growing cell-walls, but also a certain quantity of 
water ; and moreover, the vacuole of the growing cell containing 
cell-sap also increases in size. The water which is indispensable for 
these purposes is gradually absorbed from tho more remote portions 
of the tuber. As a consequence, if the tnher be kept dry, it will 
gradually become flaccid and withered ; but if it lies in damp earth, 
it takes up water from the soil, and thus water is conveyed with 
the nutrient materials to the growing parts. Water is similarly 
conveyed to the developing buds of trees, to the growing-points of 
seedlings, and generally to all growing parts of plants, from the 
^Hbarer parts in the first instance, then from the more distant, and 
^^■Rdly from the external medium. This water travels slowly from 
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cell to cell ; as the equilibrium between tbe indiyidnal cells is de- 
strojed by the oonsninptioii of water in the growing oella, the water 
from the more distant portions of the tissne is absorbed to restore it. 

§ 4f). Transpiration. Every part of a plant which is exposed 
to the air and which is not ooyered by a layer of oork or of 
caticle, is constantly losing water by eraporation into the atmo- 
sphere. If a stem bearing leaves be placed nnder a bell-jar at a 
sufficiently high temperature, the glass will be soon covered with 
drops of water, in consequence of the condensation of the Yapour 
given off by the plant. Transpiration is naturally the more ener- 
getic the higher the temperature and the drier the surronnding air. 
This loss of water is compensated by the absorption of water from 
the soil by the roots and its conveyance to the transpiring organs of 
the plant. On particularly hot days it sometimes happens that the 
leaves of trees and herbaceous plants lose more water than their 
roots can replace, and they droop and wither. This drooping 
occurs conspicuously in parts of plants which have been cut off. 
The transpiration varies in quantity according to the special 
organization of the plant and of its separate parts. The stems of 
most woody plants and trees are almost entirely prevented from 
transpiring by thick layers of cork, and transpiration is small in 
such stems and leaves as are covered with a thick cuticle, as the 
leaves of Agave, the stems of Cactus, and similar plants; these 
when cut off wither slowly, and they can thrive in a very dry soil. 
Tender leaves, on the contrary, in which the cuticle is but slightly 
developed, as those of Tobacco and Pumpkin, wither as soon as 
they are removed £rom the plant, or if the soil becomes too dry. 

The stomata affect the transpiration of the plant inasmuch as 
they are the external openings of the intercellular spaces into which 
transpiration takes place from the neighbouring cells, and from 
which the watery vapour escapes into the external air. 

§ 41. The Movement of Water through the Wood. 

The water given off by transpiration is conveyed to the transpiring 
organs from the roots through the wood (xylem). If a ring of 
cortex be cut away from a tree so that all conduction through the 
cortex is interrupted, the leaves will not wither so long as the wood 
is uninjured ; water is still conveyed through it to them. If a cut 
branch be placed in a solution of some colouring-matter such as 
Anilin, the colouring-matter rises through the wood with the water. 
That the lignified cells of the xylem serve for the conduction of 
water is also confirmed by the fact that submerged water-plants 
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which can have no transpiration have no lignified elements in 
their xylem. In the snmmer, at the very time when transpiration 
is most active, the wood-cells contain air; hence the water mnst 
travel, not throngh the cavities of the cells, but in the cell-walls. 
The cnt stems of many plants which are actively transpiring wither 
very rapidly, and when placed in water take it np only very 
slowly ; this arises from the circnmstance that section in air dimi- 
nishes the conducting capacity of the cnt surface : if a portion be 
cnt off from snch a stem nnder water, water is immediately con- 
veyed npward, and the npper portion recovers its tnrgidity. K 
water be forced into the stem, the same effect is produced. 

The water which rises throngh the wood-cells to supply the 
place of that which is lost by transpiration, is taken up by the 
roots ; hence the compensation depends on their activity ; if their 
activity be in any way impaired — ^for instance, if the soil be too 
much cooled — ^absorption is diminished and the plant withers r 
again, a plant when newly transplanted droops for a time, because 
the roots are incapable of taking up the requisite amount of water, 
until a new growth of hairs enables them to become closely at- 
tached to the particles of the soil. 

Leaves and stems are not capable of absorbing watery vapour 
from a moist atmosphere, or water when poured over them, to any 
>x)nsiderable extent. It is, however, very evident that drooping 
plants recover their tnrgidity when they are wetted by dew or rain, 
or if the air be moist. This is the result partly of an increased 
supply of water derived from the moistened earth, and partly of a 
diminished transpiration in consequence of the dampness of the 
atmosphere. 

§ 42. The Root-pressure. It is an old observation that 
Vines when pruned bleed, as it is called, in the spring — that is, that 
water escapes from the cut surfaces ; closer investigation has shown 
that this water exudes from the openings of the large vessels. 
A similar bleeding may be observed in several trees, as the Birch 
and Maple, as well as in all woody shrubs which are growing vigor- 
ously and which are provided with a well-developed root-system. 
If the stem of a Sunflower or of a Tobacco plant be cut off a few 
centimetres above the ground, and if evaporation from the cut 
surface be prevented, an out-flow of sap will begin after a time, 
which may continue for several days. This water is absorbed from 
the soil and forced up into the plant by the roots often with a force 
capable of supporting a column of mercury of considerable height. 
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This root- pressure sometimes gives rise to the exndation of drops of 
water from difEerent parts of plants, for instanoe, from the tips of 
the leaves of many Aroids, and from the teeth of the leaves of 
AlchemiUa vuLgarU; in the latter instance it maybe observed on 
almost any summer morning, and it is nsnally mistaken for dew. 
In a dry atmosphere the formation of drops is prevented because 
the water forced up from the roots is at once evaporated. 

In herbaceous plants the water forced up from the roots contains 
only a few salts in solution ; in the Vine and some trees it usually 
holds various organic substances, and particularly sugar, in solu- 
tion. 

This movement of water, effected by the root-pressure, is particu- 
larly conspicuous in the spring, and generally at the period of most 
vigorous growth. In plants which have been transpiring vigor- 
ously no water exudes from the cut surface in connection with the 
root when the stem is cut through, until after a certain lapse of 
time, when the roots have taken up a fresh supply of water. This 
proves, in the first place, that there is no root-pressure in plants 
which are actively transpiring, and consequently that the root- 
pressure does not supply the water lost by transpiration. 

A brief consideration of the phenomena which have been de- 
scribed will show that there are three distinct modes in which 
water moves in the living plant ; of these, two are effected by a 
sort of suction proceeding from the spot where the water is being 
used, namely : (a) the slow movement of the water in the processes 
of growth, and (6) the passage of water through the wood to 
compensate for the loss by transpiration. The third motion (c) is 
caused by pressure from the roots upwards, independently of any 
consumption. It must, however, be assumed that absorption is 
constantly going on at the surface of the roots, and that the internal 
tissues are so arranged that the water which is absorbed can be 
forced upwards. 

In winter^ the wood-cells contain water together with larger or 
smaller bubbles of air; hence it happens that if a hole be bored 
into a tree in winter, when the temperature is rising, the water is 
driven out by the sudden expansion of these air bubbles ; if, on, the 
other hancl, the temperature is falling, their contraction causes an 
absorption of wiiter^ 

§ 491. The Movement of Gases in Plants. We have seen 
that every living vegetable cell takes up oxygen, and that the cells 
wiiich contain chlorophyll consume carbonic acid. Now these gases. 
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in order to reacli the interior of the cells, mnst penetrate the cell- 
walls, and this is effected by difihision ; they are dissolved by the 
water which saturates the cell- walls, and are conveyed by it to the 
point where they are to be consmned. In like manner the cells 
lose by difinsion the gases evolved within them ; oxygen as a pro- 
duct of the decomposition of carbonic acid, carbonic acid as a 
prodnct of respiration. 

Not only do gases thns ciicnlate by diffusion, but they also move 
freely in the air-passages which usually occur in the tissues of 
plants, such as the intercellxdar spaces, the vessels (at any rate in 
summer), and the cavities formed by rupture, as in the stems of 
Grasses, IJmbellifersB, etc. These all communicate with each other 
and, in terrestrial plants, with the outer air by means of the 
stomata. If air be forced into a leaf which has a large number of 
stomata — for instance, by placing the blade of the leaf in the mouth 
and closing the lips tightly round the peticde — ^bubbles of air will be 
seen to escape £rom the cut surface of the petiole, if it be placed in 
water, which come out of the openings of the vessels. The converse 
of this expmment is not equally successful, because the stomata of 
the leaf when immersed become closed by water held by capillary 
attraction. 

A constant interchange is always going on by diffusion between 
tlie air contained in these spaces and the contents of the cells ; the 
composition of the air is thus continually changing, and currents are 
set up between it and the outer air. This movement of the air in 
tlie internal cavities is promoted by the swaying of the plant imder 
the influence of the wind, as well as by variations of temperature. 

Submerged water-plants have very large cavities filled with air, 
which do not communicate with the atmosphere by stomata ; an in- 
terchange of gases cannot take place directly between the individual 
ceHB and the atmosphere, but it takes place partly between the cells 
and the surrounding water which holds gases in solution, and partly 
between them and the air contained in the air-chambers. The gases 
frequently collect in these chambers in such volumes as to set up a 
pressure sufficiently great to rupture the surrounding tissues. 
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CHAPTER nL 

GEOWTH. 

§ 44. The Process of Growth. Plants and their organs 
grow, that is, they increase in bnlk and at the same time alter in 
form ; these changes, which are permanent, are brought about by 
internal processes. A portion of a plant which has become withered 
increases in volume when placed in water, but this is not growth; 
for if water be again removed from it, it returns to its former 
dimensions, and evidently no permanent change had been effected. 
But the case is quite difEerent with a ripe seed ; if it be suppHed 
with water it will germinate, that is, the embryo contained within 
it will begin to grow, and will escape from it. In this case perma- 
nent changes have taken place, and consequently no removal of water 
will restore the seed to its former condition. 

The most important of the internal processes which directly cause 
these permanent changes is the intercalation of new particles of 
solid matter as well as of water in the growing cell-walls, by the 
activity of the protoplasm. 

The presence of plastic material is an indispensable condition of 
growth, but this does not necessarily imply that the nutrition of a 
growing plant depends upon the simultaneous absorptLon of 
nutritious matters from without ; on the contrary, the young grow- 
ing parts of a plant are usually supplied with plastic material from 
the older parts which have ceased to grow. These older parts may 
be reservoirs of nutriment, as the tubers of the Potato, or they may 
be factories of nutriment, as the leaves in annual plants, e.^., the 
Tobacco ; here the full-grown leaves form starch, and the stem and 
young leaves grow at the expense of the plastic material thus 
elaborated. 

A second indispensable condition is the presence of water. This 
is required not merely to enter into the formation of the cell- wall 
and to convey the plastic materials, but to maintain the cells in a 
state of Turgidity, without which growth is impossible. The turgid 
condition is brought about by the endosmotic absorption of so much 
water that the elastic cell-wall is rendered tense by the hydrostatic 
pressure. As a consequence, the solid particles composing it are 
forced as far as possible apart from each other, the intermediate 
fluid areas are enlarged, and the intercalation of additional solid 
particles is rendered possible. 
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§ 45. The Growth in Length of St^ns, Leaves, and 

Roots. Growili is broi^ii mboat liy intpmal caofles; lliere are 
parte of plante i^idi, when, tliej liare attampd a oeriam size and 
diape^ aie meipaUe of any finther gimrdi ; othoa, as the nodes of 
Gnas-atems, imy begin to grow i^ain under oertem arcumstenoes. 
Giu ii tli is inflneoDed hj external eonditians, sndi as nKastnre, 
warmtli, figlit^ and grai italinn . It will be advants^eoos to stadj, 
in die first plaeev tibeoonrseof growth wben it is not affected hy 
tiMse tfitwnal mflnencea, Qf ibaB, the roote offer the sm^plest ex- 
T>*» In a growii^ root three regions nuy be disdngidshed : 

L The gmBrng-poimi, where new odls are being fanned in great 
nmnben from the pnmaiy tissoe (meriMemL) bj repeated divisian, 
bat where no oonaderdUe increase of tiieir size takes place. 

H. The eUm^aimff fortiom, tiiat is to saj-, the part in which 
growtib, dnefl^ in length, is taking place ; in this region the odls 
are inaeasb^ oonsiderafafy in size^ and cell-division oocms onty in 



HL ThefmUff dneleped pawtiom^ in whidh Tarions modifications of 
the edls take plaee^ but no foitlier growth. 

SteflM which attain a oonaderdUe lei^th grow nmdi in the same 
waj as roote; in them alao^ as in roots, a mass of odls is formed by 
dirisiaB at die ape^ which andeigo dongatifln at a lower lend, and 
at a still lower eeaae to grow altogether. When, boa ever, a stem 
possesses dearlj' defiia^il mtemodes (see § 2), a farther comphration 
takes plaeev for within eadi intonode similar stages of growth 
are eihiliit/ e d ; mareorer, the nodes cease to lei^^then at an eazlj 
atage^ wheieas the intemodes eontinne to grow for some time. 

Most leaTea consist at first of primary tissoe, the cdls of which 
are andeigouj^ dnrisian; ^btey attain dieir fnll derdopment in 
different wajs^ but m all cases no part of the primary tnsoe r^ 
mains as a grown^-point ao as to proride for continued growth. 
These three stages^ the preparatory, the growing, and the final, are 
s o i ' j f if asi I cl y gone throo^ by each indiridiial odL So soon as it 
has been formed firom the primary tissoe, it begins to dongate in 
oid^ to attain ite dHinilii'e length. It grows at fiiat slowly, bat 
ibB r^jmBty dt ite gnmxh ^rwih^y ii.cre.Be8 «ntfl i|t . certain 
period the maiimam is reached ; it then gradoally dimimshes, and 
the odl finally ceases to grow. This periodicity of growth is co- 
incident in all the cells which lie at the same level, so that in a 
growing part of a plant there is a certain zone where growth is 
most TigoroDS^ and on each side of it the rapidity diminishea. 
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Every part of a plant exhibits a grand period in the rapidity 
of its growth: it begins to grow slowly; at a certain time it 

grows with a Tnayimnni rapidity ; after this 
the rapidity of growth gradually diminisheB 
until the whole oigan is folly developed. 
Apart from the increase and diminnticni in 
the ra^ndity of growth, the time mnst be 
taken into account dnring which an organ 
can continue to grow, as well as its capability 
of attaining a certain length. For instance, 
it is easy to observe that the lower intemodes 
Fio. 00. — The srowing ^^ niost stems remain short ; that those above 
primary root of the Pea in them are longer ; that those of a certain part 

taoees. In B the differences npper ones again are short. In the same way 
in rapidity of growth am ^^ gj^e of the leaves attached to these various 

perceptible: the uppermost 

lines hare not been aepa- parts of the stem increases from below to 
rated; the root haa ceaMd ^^^^^ the middle, and then diminishes. 

wl^ f^tiUdLi*"^ § 46. The Properties of Growing 

ther. At the growing-point Rarts. If a Stem which has ceascd to grow 

here elongation haa not yet ..ji •• iji*i* i*ii 

begun. In the intermediate ^ ^^ ^^^^^ portion, but whlch IS still grOW- 

Bone the elongation haa been ing at its upper part, be strongly bent, on 
yery great. being released the fully-grown portion will 

resnme its original position, whereas the growing part will retain 
the cnrvatnre given to it. From this it appears that the growing 
parts of a plant are highly flexible but imperfectly elastic. This 
explains the following experiment : if a sharp blow be given to the 
lower rigid part of a growing shoot of the Meadow Thistle (fiarduus 
fyratensis), for instance, or to a strong shoot of the Raspberry, the 
upper growing portion becomes sharply curved ; this curvature 
persists after the shoot has come to rest, in such away that the 
apex is inclined towards the side from which the blow came. 

If a growing iutemode be divided longitudinally down the middle, 
the two halves separate widely ; this is due to the fact that the pith 
tends to elongate more than tiie other tissues, and is prevented from 
doing so by them ; as far as their extensibility allows, these tissues 
are stretched, and in this way tensions are set up. If the various 
tissues be completely separated from each other with a sharp knife, 
each will acquire a different length ; the pith becomes longer than 
the intemode originally was; the outer tissues retain the same 
length or shorten, in which case the epidermis contracts the most. 
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§ 47. The Influence of External Conditions on Growth 
in Length. The most important of these is MoUture. If the cells 
of an oi^an be not tenselj filled with water (turgid), that organ 
wilJ not grow at all. 

With regard to the dependence of growth npon Temperature, it is 
to be observed that the more favonrable the temperature the more 
rapid is the growth. In genera!, the account given in § 51 of the 
relations existing between temperature and the vital fonctions of 
the plant holds good with reference to growth. 

Light eiercisea a retarding influence on growth. It is an old 
observation that those stems which develop in the dark — for in- 
etance, potato-shoots in a cellar — grow to a much greater length, 
that is, they have m.uch longer intemodes, than those which grow 
normally in the light. Plants which have grown in darkness, and 
which are therefore abnormal in form, are said to be etiolated. Their 
intemodea are very long, their leaves are not green but yellow, and 
nsually much smaller than the normal leaves ; this is due to a morbid 
condition induced by the absence of light, for the proaence of light is 
an essential condition for the performance of certain important func- 
tions. The retarding action of light on growth also causes the 
curvature of stems which have been illuminated on one side only 
during their growth, as, for instance, in the case of plants grown in 
a window. The feebler the light to which it is exposed, the longer 
will an intemode become; so, when the light comes from one side 
only, the side of the stem moat remote from the source of light is 
more feebly illuminated, and consequently grows longer than that 
which is nearer to the source of light; as a necessary consequence, 
the stem will curve in such a way that the concavity is directed 
towards the source of light. This property, which ie exhibited by 
inost organs, is known as positive hetiotropism. Petioles are always 
lively heliotropic, and when illuminated from one side only, 
onrve in euch a manner that the upper surface of the lamina 

always tnrned towards the light ; in this process, however, other 
properties also take part. In contrast to positive heliotropism, a 
negative heliotropism is exhibited by a few vegetable oi^ans — -e.g., 
the older intcrnodes of the stem of Ivy and many roots — ^which 
curve away from the source of light in oonsequenoo of the more 
vigorous growth of the more strongly illuminated side. The nature 
of heliotropism is not yet perfectly known. 

OTavitatvm also influences growth : it is manifest that most stems 
trees pp^w Htraight up from the earth's surfaco at all parts of 
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the globe, in the direction of a prolonged radins of the sphere ; in 
the same way roots, and particnlarly primary roots, grow straight 
downwards, and branches and leaves grow ontwards at certain- 
angles. If a growing stem be placed in a horizontal position, tho 
growing portion curves (Fig. 70 s) so that its upper surface be- 
comes concave, its lowe^ 
convex, and it is said t€> 
be negatively geotropie ; con-' 
vf ^"^ sequently the free end is di- 

rected upwards and continues 
to grow in a vertical direc- 
tion. In the same way the 
« .^ « . , ^ ,. .. . ffrowing end of a root laid 

Tio. 70.— Carvature cansed by gravitatioa in ° , ° 

a eeedUngr of the Pea placed horizontally; the horizontally CUTVes OOWn- 

darker outline shows the originalline of growth; -^g,]^ C¥lS» 70 w) *" it is 

8 stem which has curved upwards (negative geo- . . *±' i ±.^.^ • 

tropism); to the root which has curved down- therefore ^positively geotropvo. 
wards (positive geotropism). If }yj means of appropriate 

apparatus germinating seeds be caused to rotate round a centre 
in a vertical plane (Knight's machine), the roots obey the 
centrifugal force, as they do gravitation under ordinary circum- 
stances, and grow away from the centre in the radial direction; 
while the stems, on the contrary, grow towards the centre, in 
opposition to the centrifugal force. That the force which de- 
termines the direction of growth of parts of plants under ordinary 
circumstances is in fact gravitation, is not only indicated by the 
coincidence of the direction of the growth of the axes of plants 
with the radius of the earth at aU points of its surface, but it can 
also be proved by direct experiment. Thus if plants are withdrawn 
from the influence of gravitation by being made to rotate slowly, 
so that at every moment the force of gravitation is acting upon 
them in a new direction, the effects produced by the action of 
gravitation in successive periods of time neutralise each other, the 
plants— roots and stems alike — ^will grow in indeterminate direc- 
tions. 
§ 48. Bilateral Structure of Plants. Many plants are so 

organized that their different surfaces do not grow equally ; thus 
in young leaves the under surface at i&rst grows more vigorously 
than the upper (hyponasty), so that they lie folded over the end of 
the stem, and their subsequent unfolding is occasioned by a more 
vigorous growth of the upper surface (epinasty). This unequal 
growth depends wholly on internal causes and not on external 
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influences. Usually these phenomena are exliibited by two sur- 
faces, and snch portions of a plant are said to be hilateral. Bnt 
there are also parts of plants which become bilateral nnder the 
action of external influences ; organs, that is, the surfaces of which 
grow unequally because they are not equally sensitive to the action 
of these external influences. 

The co-operation of the internal causes, that is, the tendency 
towards a bilateral structure, with external influences such as light 
and gravitation, gives rise to the varieties of position which the parts 
of plants assume in nature, particularly the horizontal or oblique 
direction of stems, branches, leaves, lateral roots, and so on. 

It is by unequal growth that those movements are produced 
which are expressed by the word Nutation. If the movement takes 
place only from behind forwards, or from right to left, in con- 
sequence of the alternately more vigorous growth of the posterior 
or right side and of the anterior or left side, the nutation is simple ; 
but if it occurs in every direction, in consequence of the more 
vigon)us growth of each side in succession, the nutation is said to 
be revolving. 

Revolving nutation is very conspicuously exhibited by climbing 
plants, e.g., the Hop, Bean, Bind- weed, etc. (v. Fig. 15 JB). So 
long as the growing end of such a stem does not come into contact 
with a support, the revolving nutation carries it round in a circle. 
Jf in the course of its nutation the anterior surface of the stem 
comes into contact with a support which is not too thick, the 
movement of nutation is altered in such a way that the apex 
of the stem, as it grows, will describe an ascending spiral around 
the prop as its axis ; then the turns of the spiral become steeper 
and narrower,^ and. cling tightly to the support. Most climbing 
plants twine to the left, that is to say, the spiral ascends from 
left to right ; only a few,, as the Hop, twine to the right. 

In climbing stems it is immaterial which surface comes into 
contact with the support : in tiiis respect they differ from Tendrils, 
of which usually one side, and that the under side, is capable of be- 
coming concave as the result of contact with a support. They curve 
in consequence of the contact, which acts upon them as a stimulus. 
As a result of the curvature thus induced, fresh portions of the 
imder surface are brought into contact with the support, and the. 
curvature continues until at last the whole free portion of the 
tendril is wound round it. The stimulation which is effected by 
the pressure is propagated through the portion lying between the 
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support and tlie base of the tendril : this portion then oontracti 
and assmnes the form of a cork-screw, thns drawing the stem close 
np to the support (Fig. lb A s). These cnrvatnres of dimbiiig 
plants and of twining tendrils are accompanied hj torsion^ thai iB, 
by a twisting of the organ round its own axis of growth. TorsioA 
may be produced in various parts of plants, partly by external and 
partly by internal causes ; thus, to give one of numerous instanoflBy 
horizontal or oblique branches with opposite decussate leaves may 
be found in which the leaves appear to be arranged in two rows 
only in consequence of the torsion which the intemodes between. 
the pairs of leaves have undergone. 

The dltemate opening and closing of many flowers, such as the 
Crocus, is likewise an effect of bilateral structure. The lower 
parts of the petals are still in a growing condition and are highly 
sensitive to changes of light and of temperature, so that when the 
temperature is rising and the light increasing, the inner side grows 
the faster and the flower opens; as the temperature and light 
diminish, the outer side grows the faster and the flower closes. 

§ 49. Growth in Thickness of Woody Plants. The 

processes of growth in the cambium which lead to an increase in 
size of the wood and of the bast (§ 26) are subject, like those of 
growth in length, to certain specific internal laws. Thus in the 
Yew, for instance, very small annual rings are formed ; its growth 
in thickness is very small in comparison with that of Willows, 
Poplars, Elms, etc. Again, the first annual rings of a yoimg tree 
are much narrower than those subsequently formed. 

Growth in thickness is very obviously dependent upon the 
quantity and distribution of the nutrient substances formed in 
the leaves. If a tree loses many of its leaves — as, for instance, 
when attacked by locusts — ^the formation of new wood is con- 
siderably diminished. The extent of the formation of new wood 
is not to be measured by the width of the annual ring, but by its 
cubic content ; for it is clear that the same amount of material 
will give rise to rings, the width of which will vary with the 
diameter of the wood already in existence. Trees which bear 
branches and foliage down to the ground naturally have a larger 
supply of material for the formation of new wood in their lower 
than in their upper parts, -and, as a consequence, the increase in 
size and the breadth of the rings of wood are greatest below, so 
that the stem has a distinctly conical form. On the other hand, 
those trees wl^ich bear a crown of leaves at the apex of a long 
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bare stem, even on the afisnmption that the material is equally 
distributed and that the growth in thickness is consequently nni- 
form thronghouty exhibit wider rings in their npper than in their 
lower part : the form of their stems is nearly cylindrical. 

The pressure exercised by tiie cortex, rendered tense by the 
growth in diameter of the wood, has an important influence upon 
growth in thickness. When this pressure is great, the increase of 
the wood is less than when the pressure is small. This explains 
the increase in thickness exhibited by trees when planted out, 
heiore any important extension of the foliage can have taken plape. 
The cortex, which had hitherto been in moist air in a confined 
space, is now exposed to the sun and to dry air; it becomes brittle, 
ttid therefore can exert only a slight pressure. The pressure of 
the cortex has been shown experimentally to be the cause of the 
formation of spring- and autumn-wood. In consequence of the 
growth of the wood during the summer the pressure of the cortex 
becomes considerable, and, as the result, a smaller number of yessels 
are formed in the wood, and the external layers of wood-cells 
become flattened. In the spring the pressure diminishes in con- 
sequence of the rupture of the cortex, which has become dry 
during the winter, by the wood which absorbs considerable 
quantities of water and therefore swells. That most trees cease 
to grow in thickness about the middle of August is to be attributed 
to the foct that the pressure of the cortex attains its maximum at 
that time. With reference to the relation existing between growth 
in thickness and temperature, it may be mentioned that the cam- 
bium of roots which have penetrated to some depth into the soil 
is actiye even in winter* 




CHAPTER IV. 
THB IBBITABILITY OF MATUBE OBGANS. 

§ 50. The curvatures and movements which have hitherto 
been considered are only manifested so long as the organs in 
which they occur continue to grow. But there are many organs, 
particularly leaves, in different plants, which perform movements 
even after they are fully grown. The internal processes which 
produce them are highly complicated; they essentially depend 
upon an expulsiou of water, in consequence of stimulation^ from 
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the eella of one side of a particular part of the petiole vhiob ii 
the actn&l motile organ. 

The fall-grown leaves of many plants change thedr pomtion morn- 
ing and eyening, bo that a diumal and a noctamal position may be 
r^tdUy diatingniahed. In the noctamal position the leaves an 
nsaally drawn together ; in the day position, on the contrary, they 
are widely expanded. Thsee movements are beet known in the 
case of the Sensitive Phut (Ifi'moM pudiea) ; the pinn» of the 
leaves of this plant fold tc^ether npwards in the evening, whilst the 
leaf-stalk bends downwards. The motile organ is the pnlvinus 
which lies at the base of the racbis and of each petiolnle. Similar 
phenomena may be observed in many other legnminons plants, snch 
as the false Acacias and the Bean. The leaflets of the Wood-sorrel 
(_Oxali$ AceUuella) fall 
downwards in the evening 
and expand again in the 
morning (I^. 71)i and 
those of other plants behave 
in a similar manner. 

This periodicity is deter- 
mined by variations in the 
intensity of light and by 
,^","'Z"r.''"^"T,'"a'^W.T^",""t^ changes of temperatnre. An 

(H). In Ihs latter, euh la^BM ii folded inmrds ° ^ ^^ , 

si rifbt angles along iu midrib, uid K alio bent increase In the intensity of 
domirird*. light and a rise of temper- 

atnre effects the aasnmption of the diumal position, and vice vena. 

These leaves possess also a periodic motion, effected by internal 
causes, which only becomes evident when the plants are kept iat 
some time iu coutiunons darkness : it is then seen that the leaves are 
in constant thongb not veiy vigorous movement. It appears, there- 
fore, that exposure to light tends to arrest the spontaneous mov^ 
ments, and to cause the leaves to take up the diurnal position. 
This is known as the paratonic action of light. In some few plants 
these proper periodical movements, due to internal causes, are ex- 
hibited under ordinary conditions if only the temperatnre is high 
enough. The lateral leaflets of the leaves of Hedygarum (Desmo- 
diom) gyroM, for instance (a papilionaceous plant from the East 
Indies), constantly perform circular movements which are repeated 
in frem two to five minntes. 

Among the leaves which exhibit periodic movements there are a 
few which possess this pecoliarity, that contact with a foreign body 
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a tiem to pass from the diiiraa] to the noctnmal position: this 
IB particularly conapicnous in the leaves of Mimosa pmltca. 

The stamens of many flowers, e.g., of Berberia and Centanrea, are 
Bensitive only to contact ; those of Berberis when at rest are ex- 
tended widely apart ; if they are touched on their inner surfacos 
they bend concavely inwards so as to appi-oach the stigma: those 
of Centanrea contract when touched, and thereby agitato the whole 

^ inflorescence, for they are inserted npon the tnbnlar corolla. Tho 
florets are closely aggregated in the capitulum, and, if the hand 
fe lightly passed over it, an actire tremnlons movement of all the 
florets occnrs. 

The hair-lilje appendages (tentacles) of the leaf of Drosera (Fig. 
72 A), each of 
which bears aa 
apical gland, cnrve i 
inwards when a *■ 
foreign body 
touches the glands, 
or if they are 
moistened with a 
nitrogenons fluid, 
in. such a way that 
the apical glands 
are collected to- 
gether at the centre 
of the leaf. By this j, 
means small insects " 
which have been 

caught by the viscid secretion of the glands i 
middle of the leaf, and are there brought into contact with aa 
many of the glands as possible ; their secretion dissolves all the 
nitrogenous constituents of the insect, and these are absorbed into 
the plant. Other carnivorous plants have still more complicated 
motile mechanisms for the same purpose. 

In order that movements of the leaves may take place, the plant 
must possess a certain degree of iiTitability. Long-continued ex- 
posure to darkness, or to too high or too low a temperature, or the 
action of chemical or electrical stimuli, induces a condition of 
), no stimulus will produce any move- 
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rigidity : when this ii 



L 



98 PART in. — THB PHYSIOLOGY OF PLANTd. [§ 51. 

CHAPTER V. 

IHB OBiaaLAL CONDITIONS OF FLANT-UFE. 

§ 51. Temperature, As, with a few exceptions, the evolution 
of heat within the plant itself is extremely slight, its temperatnr* 
depends ahnost entirely upon that of the snrronnding medixun: 
eqiulibriTiin is set up between it and the plant partly by conducstion 
and partly by radiation. Since plants are bad conductors of heat 
— that is to say, they undergo changes of temperature very slowly 
— ^when the changes in the temperature of the air are rapid and 
extreme, the temperature of a plant is frequently different from 
that of the air, either higher or lower; but when the changes are 
slow, as is the case when the surrounding medium is water or earth, 
the temperature of the plant is very nearly the same as that of the 
medium. As regards radiation, it is an important cause of changes 
of the temperature of plants, particularly of leaves. When the sky 
is clear, these organs become much colder than the surrounding air, 
particularly at night, in consequence of radiation, and it is on this 
fact that the formation of dew and hoar-frost depends. A further 
cause of the cooling of those parts of plants which have a consider- 
able extent of surface exposed to the air, is evaporation, which 
operates chiefly by day, and tends to reduce the temperature of the 
leaves below that of the surrounding air. 

Every process going on within a plant is connected with a certain 
range of temperature, that is to say, there is a certain minimum de- 
gree and a certain maximum degree of temperature, below or above 
which the process in question cannot take place. This obtains for 
growth, for the formation of starch, for the movements of protoplasm, 
for the activity of the roots, and so forth. Between these limits — 
the maximum and miTiimum — ^there is for every function an optimum 
temperature^ different for every plant, at which that function is per- 
formed with the greatest activity. Thus, when the temperature is 
rising to the optimum, at every degree it is more favourable ; if it 
rises beyond the optimum towards the maximum, at every degree it 
becomes less favourable to the performance of any particular function. 

It may be generally assumed that all the vital processes of our 
indigenous plants begin at a certain number of degrees above 
freezing-point ; that up to 25° or 30° C. they increase in intensity 
and reach their optimum at about 30°; that their activity diminishes 
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from 30° to 45°, and that ttey wholly cease at abont 50°. In plants 
of warmer climates the lower limit ia considerably higher ; thus a 
Gonrd seed will not germinate at a temperature below 13° C. 

Death, caused by esposnre to too high a temperature, is affected 
by the presence of water ; thns, while dry peas lose their germinating 
power only after exposure for an hour to a temperature of oyer 70° 
C, they are killed at a temperatare of 54° if they are saturated 
with water. Most parts of plants will not bear a higher temperature 
than about 50° C. in air or 45° C. in water for any length of time. 

The freezing of plants, that is, their injury or death by cold, only 
occurs if the temperature of the plant falls some degrees (in some 
s oven many degrees) below the freezing-point, and if at the 
3 time the plant is in a condition to become frozoa. Many plants 
not tilled by frost, such as Lichens and many Mosses and 
Fungi ; just those plants which can also bear drying np without 
snfEering any damage. The dry parts of plants in general, most 
seeds, for instance, and the winter-bads of trees, are not at all sen- 
sitive to cold, whereas, if they contaiu a considerable quantity of 
water, as is the case when bnda are in j 
in succulent parts of plants, they freeze 
Tery readily. If an organ containing 
m.nch water bo esposod to cold, a cer- 
tain quantity of water, proportionato 
to the depression of the temperature, 
escapes frora the cells and freezes on 
their surfaces, and the tissues contract 
in proportion ; the water does not freeze 
insido the cells. The frozen water 
formsanincrustationnpon thecells (K p,g 

Fig. 73)of distinct Crystalslyingparallel (raien lealatalkof Canon 



ice, for the enbstancea held in solution BocUonaot thofibro-Taseoiar bnnakii 
by the water are retained by the re- 'r,^"""'; .,^° '^'^"•"^ "f '™ 
maining cell-sap, which hecomos there- priBinH (tho ca-YUiea of iba rupiurua 
fore more oonceatrated. It is certain ti«™<!"a'eftiiiackmtiieflffarc). 
that a great many plants are not injured by this formation of ice 
in itself, for, if the thaw is slow, the cells reabsorb the water and 
return to thoir normal condition. But if the thaw is effected very 
quickly, the largo quantity of water which ia suddenly formed 
cannot he absorbed with sufficient rapidity by the cells, and it 
collects in the intercellular spaces: it either induces decay in the 
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plant or it escapes and is evaporated, and the plant dries up. 
However, many parts of plants, as the leaves of the Pumpkin, 
cannot be preserved from death even by the most careful thawing. 

Frost causes radial splitting of the stems of trees : the fissures 
close up when the temperature rises, but healing can of course take 
place only in the cortex. The splitting is due to the unequal con- 
traction of the wood, that of the external parts which contain much 
water being the greater. 

Gold exercises a peculiar influence on many green leaves; the 
twigs and leaves of Thuja, Ilex, and others, turn to a reddish brown 
colour in the cold, and become green again under the influence of 
warmth. This change of colour, usually from green to a light brown, 
results from a modification of the chlorophyll itself, and must not be 
confounded with the red colour that many leaves assume in autumn 
and winter, e.g., of the Virginia creeper, and which is due to the 
presence of a colouring-matter in solution. 

§ 52. Light, as has been seen, is indispensable to the formation 
of starch ; but when that process has been accomplished, the sub- 
sequent processes of metabolism and growth can go on without the 
aid of light, though they may be more or less affected by its 
influence. Shoots can grow from organs containing supplies of 
nutrient material, such as potatoes, in complete darkness : the 
growing end of the stem of a vigorous plant, if introduced into a 
dark chamber, will produce leaves, flowers, and fruit ; its nourish- 
ment being supplied by the lower leaves which remain exposed to 
the light. If the modifying influence which light exercises on 
growth, metabolism, and similar processes, be considered, five sets 
of effects may be distinguished, which are produced by the action of 
light upon the vital processes of plants. These fall under two 
heads :— I. The chemical effects, which are produced for the most 
part by the less refrangible (yellow) rays of the spectrum (in this 
respect they contrafit strongly with the chemical action of light on 
salts of silver) ; and II. The mechanical effects, which are produced 
chiefly by the highly refrangible (blue) rays of the spectrum. 

The chemical effects are — 

I. The formation of chlorophyll ; this is in so far dependent on 
light that the colouring-matter cannot acquire its green hue, but 
remains yellow, although the particles of protoplasm which con- 
stitute the chlorophyll-corpuscles become differentiated from the 
rest of the protoplasm in the dark. The co-operation of light is 
indisper sable to the formation of the green colouring-matter, and 
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this effect is not exclnsivelj confined to the rays of low refrangi- 
bility, bnt is prodnced to some extent also hj those of high 
refrangibilitj. In only a few cases — as the seedlings of Conifers 
and the leaves of Ferns— do the organs of plants turn green in the 
dark. It mnst not be forgotten that the formation of chlorophyll 
depends also on the temperature, and will not take place if it be too 
low; hence the shoots of plants which break through the soil in 
very early spring may remain yellow if the weather is cold, in 
spite of the exposure to light, until warmer weather sets in. 

n. The dependence of the formation of starch on light has already 
been pointed out (§ 33) ; the influence of the rays of high refrangi- 
bility is here very slight. 

The mechanical effects are— 

m. The, phenomenon that in many plants a strong light pro- 
duces a fading of the colour of leaves and other green parts, while 
those whicb are shaded remain a dark green. It has been asc^- 
tained that this change of colour is due to a change in the position 
of the chlorophyll-corpuscles in the cells effected probably by the 
protoplasm. It appears that when the cells are exposed to diffuse 
daylight, the chlorophyll-corpuscles collect on the upper and lower 
walls of the cells, or rather, they arrange themselves in planes per- 
pendicular to the direction of the incident ray (^epistrophe) ; but 
when tbe cells are exposed to bright sunlight, the chlorophyll-cor- 
puscles collect on the lateral walls of the cells, or rather, arrange 
themselves in planes parallel to the direction of the incident ray 
{apostrophe). Removal of the leaves from diffuse daylight into 
darkness also produces apostrophe. Many zoo-spores move towards 
the ligbt while others, on the contrary, avoid it. 

rV. Cell-division is independent of light. It frequently proceeds 
in parts to which, no light can penetrate — as in many growing- 
points and in the cambium — with as much activity as in other part3 
which are fully exposed to light, as frequently in the formation 
of stomata. On the other hand, the growth of all those organs 
which are positively heliotropic is greatly influenced by light ; that 
is to say, that it is considerably retarded : this effect is produced by 
the more refrangible rays exclusively. 

y. Light acts on irritable motile organs in two ways ; in the 
first place an increased intensity of light induces the assumption of 
the diurnal position (paratonic a^tiori), in the second place the con- 
dition of irritability is intimately connected with ihe normal expo- 
sore of the plant to the influence of light (jphototonus), (^See § 50.) 
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§ 53. Gravitation. All plants and all parts of a plant are 
naturally subject to the action of gravitation. It has already been 
pointed out (§ 47) how this influences the direction of growth of 
the organs of plants producing the phenomena of Geotropism. 
Plants exhibit various adaptations for the purpose of maintaining a 
definite relation between the weight of their different parts and the 
discharge of their functions. The rigidity of their woody tissue 
enables boughs to support the weight of their leaves and fruit; 
climbing and twining plants avail themselves of foreign bodies for 
the same end. Water-plants have various appliances, such as air- 
containing spaces, very much elongated stems, etc., for raising the 
different parts to the surface of the water. The seeds and fruit« of 
many plants are provided with hairy, feathery, or winged append- 
ages to facilitate their transport by the wind. 

§ 54. Electricity. The many chemical processes which go on 
in plants must be accompanied by electrical phenomena. As plants 
are good conductors, the difference of the electric tension of earth 
and air is equalised by means of them: that this is the case is 
shown by the fact that tall trees are frequently struck by lightning-. 
Beyond this little is known. Highly electrical conditions of the 
atmosphere act upon sensitive leaves, as those of the Mimosa, like 
mechanical stimuli; and protoplasm, when stimulated electricaUy. 
exhibits no special phenomena which might not be produced by 
other means. 



CHAPTER VI. 
BEPRODUCTION AND ALTEENATION OF GENERATIONS. 

§ 55. Reproduction. Many plants are reproduced by bulbUs 
(see § 5) which become separated from them ; a similar mode of 
multiplication is effected by stems — ^more particularly under-ground 
rhizomes, creeping stems and such like — which branch and con- 
stantly die away from behind forwards so that the lateral shoots 
become so many isolated and independent plants. The branches, 
and even leaves, of many plants, when ai*tificially severed from 
them, will take root under favourable conditions, and form new 
plants. Again, many unicellular plants multiply by division. 
These various modes of propagation may be grouped together 
under the head of vegetative reproduction. 

But, besides this, all plants, with the exception of a few of the 
lower Algaa and Fungi, exhibit true rej^roduotioiu that is, repro- 
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r ilnction by meauB of Bpecial cella. These cells may be produced in 
[ two ways : 

(a) Agexually: Tbe reprodnctive cell formed in thia manner ia 
, cepable, by itself, of giving- rise to & new individnal. 

Ia the ThallopbytoB these cella are known by e, variety of names, 

I Bnch as teleutospores, uredospores, aporidia, stylospare', tttraspnres, 

'« (when they are motile), eonidia, or simply as spores. 

I ii the MttBcinem and in the Vascnlar Cryptogama they are also 

t tporet, bnt in the Rhizocarpese and in the SetaginelleaB 

t.'«nda of sporea are present, which are distingnished, on 

mt of their relative size, as microspores and maeroeporei ; 

i are therefore Baid to be keterosporojta. In the 

Phanerogams the pollen-grains represent the microspores, and, like 

them, are aet free from the parent plant: the macroapores find their 

representatives in certain atrnctnrea which are contained in the 

I ovnle, bnt whieh are not eat free from the parent-plant. Tliose 

I flpores are, however, not always nnicellnlar ; those of some Fnngi 

are mnlticellnlar, aa are also the pollen-grains of Phanerogams. 

(6) SexitallT/ : The reprodnctive cell formed in thia manner is 
essentially the resalt of the nnion of two specialised reprodnctive 
cells, neither of which, by itself, is capable of giving rise to a new 
individnal. 

The details of the process of nnion are not the same in all gronps 
of plants, and a prefix is added to the word " spore " to indicate 
kthe precise mode in which the sexnally-prodnced reproductive cell 
i been formed in any particalar case. In most Cryptogama the 
Jcoolescence takes place between two cells which difier greatly both 
in size and form, of which one is the male and the other the female, 
which are developed in special organs termed antheridia (male) 
and archegonia or oogonia, (female). The process ia then termed 

t fertilisation. In this case the male cell is a small mass of proto- 
plasm, nsnally without a cell-wall, bnt endowed vrith spontaneons 
motility, which is termed an antheroxoid : it penetrates into the 
female reproductive organ and coalesces with the female cell, the 
oorphere, which is likewise a naked primordial cell, bnt is much 
larger than the antherozoid and is not motile. As a consequence of 
fertilisation, the oosphere becomes surrounded by a cell-wall, and 
is then termed an oospore, 

Bnt the differentiation of antherozoid and oosphere is not so 

C' te aa this in all plants. In the Poronosporee, for instance, 
phere is differentiated, bnt the autherozoids are not ; tho 
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protoplasmio contents of thfe male reproductive organ, wliicli 
fertilise the oosphere, are quite undifferentiated. THs is the case 
also in Phanerogams ; here the fertilisation of the oosphere is 
effected by means of the undifferentiated protoplasmio contents 
of those outgrowths of the pollen-grains which are known as 
pollen-tubes. In the Lichens and in the FloridesB the cells corre- 
sponding to the antherozoids of other Cryptogams are provided with 
a cell- wall and are not motile, and in these plants also there is no 
distinctly differentiated oosphere in the female reproductive organ. 
In the other Ascomycetes in which sexual reproduction is known 
to occur, neither antherozoid nor oosphere is differentiated, but 
the male and female reproductive organs coalesce. These last- 
named groups of plants have this peculiarity in common, that the 
product of fertilisation is not a single cell, but a number of cells 
usually contained in a fructification and therefore termed carpO' 
spores, those of the Ascomycetes being further distinguished, on 
account of the mode of their development, as ascospores. In cer- 
tain Algae and Fungi (ZygosporesB) the two cells which coalesce are 
usually similar in size and form, and they are either both stationary 
or both motile ; in this case the process of union is termed cmijuga- 
Hon, and the resulting cell a zygospore. It is of course impossible 
to say with certainty which of the coalescing cells is male and 
which female. 

In the Thallophytes the sexually-produced reproductive cell 
(oospore, zygospore, carpospore) is set free from the parent-plant 
before it germinates : in the Mosses and Vascular Cryptogams the 
oospore developes whilst still included in parts of the parent-plant ; 
in the Phanerogams also it developes to a certain extent and forms 
the embryo, but at this stage its development is arrested, and it is 
then thrown off, together with certain parts of the parent-plant, as 
the seed. 

Sexual reproduction has not yet been actaally observed in the iBcidiomyoetes 
(UredineaB), bat on the ground of analogy, their acidiosparea are generally con- 
sidered to be carpospores like the ascospores of the Ascomycetes. 

Instances are on record m which an oosphere has given rise to a new 
individual without having been previously fertilised by an antherozoid; this 
has been observed in the Saprolegnieaa and in Chara crinita. This is termed 
parthenogenesis. 

§ 56. Alternation of Generations. In the higher Crypto- 
gams it can be readily observed that a reproductive cell, whether 
produced asexually or sexually, does not give rise to an in- 
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dividual similar to the one wLich bore it. If it be a, apore, it 
gives rise to aa indiTidaal which bears semal organs ; if it be 
aa oospore, it gives rise to an individnal whici bears spores. 
Thus there come to be two distinct generations in the life-history 
of one of these plants, the one, termed the eporofJiore, which la 
asesnal and bears spores, the other, termed the aoplwre, which 
is sesnal and produces the male and female reproductive organs, 
and these two generations difEer considerably from each other in 
appearance. This is what is meant by the phrase Alternation of 
Oenerations. In a Moss, for esample, the ordinary moss-plant is 
the oophore ; the product of the development of the oospore is not 
an individual similar to the parent-plant, but a fructification, 
called the sporogoninm, in which spores are formed. When the 
spore of a Fern germinates, it does not give rise to o. fern-plant 
with stem and leaves bearing Gpores, bnt to a small flattened 
cellular body, the prothallium, which produces the antheridia and 
archegonia: it is from one of the fertilised oospberes of the prothal- 
lium that the ordinary spore-bearing Fern is developed. The alter- 
nation of generations becomes more diflicult to trace in ascending 
from the Ferns to the Phanerogams, on account of the gradual 
diminution in size of the oophore : in the heterosporous Vascular 
Cryptogams the prothallium does not become free from the spore 
fi-om which it is developed ; the prothallium which is developed 
from the microspore produces only mate organs, and the prothal- 
lium which is developed from the macrospore produces only female 
organs: in the Phanerogams, the pollen-tube alone represents the 
male prothallium, and, inasmuch as the representative of the macro- 
spore is not set free from the plant which bears it, the structurea 
which represent the female prothallium of the hetorosporous Vas- 
cular Cryptogams are enclosed in pai'ts belonging to the sporo- 
phore. In a Phanerogam, then, the plant is the sporophore, the 
oophore being only represented by the pollen-tube and by certain 
cells contained tn the ovule. 

In the Thallophytos no such alternation of generations can be 
traced. In some of them, such as Fucus, the only reproductive 
colls which are fonned are oospores : in others the same In- 
dividual produces spores sexually at one time and asesually at 
another, and in others again these two processes may go on 
simultaneoasly. For these reasons it is impossible to distinguish 
sporophore and oophore as has been done in the higher Crypto- 
gams and in the Phanerogams. 



PAET IV. 
THE CLASSIFICATION* OF PLANTS. 



Introductory Remarks. A systematic classification of plants 
may be arrived at by either of two methods. In the first, the 
different forms of plants are arranged according to some one given 
principle ; by this means order is established, and a definite position 
in the system is assigned to each plant. Many snch systems have 
been devised, and are known as artificial systems. The principle 
of classification in snch a case mnst be determined more or less 
arbitrarily and withont considering whether or not, in the resulting 
arrangement, the plants which are nearly allied are always bronght 
together, and those which are less nearly allied are kept apart. 
The best known of these artificial systems is that of Linnsens, 
called the seznal system, which classifies plants by the nnmber 
and mode of arrangement of the sexual organs. These organs, 
in his time, were known only in the Fhanerogams (seed-bearing 
plants) ; to the great group of the Cryptogams, which Linnaeus 
regarded merely as a subsidiary department of the Vegetable 
Kingdom, this principle is inapplicable. 

The natural system, to the gradual development of which a more 
exact knowledge of the reproduction of Cryptogams has largely 
contributed, has for its object the classification of plants according 
to their fundamental relationships, and as these are established 
once for all by Nature itself, the natural system is not based upon 
any arbitrary principle of classification, but depends upon the 
state of our knowledge of these fundamental relationships. These 
find their expression in the structure and other characteristics of 
the reproductive organs, as well as in the relation of reproduction 
to the alternation of generations. 

This is more particularly true with regard to the definition of 
the larger groups of the Vegetable Kingdom ; within these groups 
relationships may be exhibited sometimes in one way and some- 
times in another, so that it is not possible to lay down any universal 
rules for determining close afl&nities. 

As the investigation of this subject is still far from complete, the 
natural system cannot be regarded as being perfectly evolved; 
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the various general sketcHes which have hitherto been given are 
therefore no more than approximations to the tmth. The system 
laid down in the following table has no pretension to be regarded as 
tiie only correct one ; it is selected simply because the arrangement 
it offers appears to answer most nearly to the present state of 
knowledge of morphology and afl&nity. 

The following Table exhibits, provisionally, the main divisions of 
the vegetable kingdom : — 

1st Group. Thallophyta. Plants of very simple structure, 

without any differentiation of leaf and stem, with- 
out true roots or fibre- vascular bundles. 
Glass 1. Algsd, 
„ 2. Fungi. 
2nd Group. Muscineae. The plant which is developed from 

the spore has generally a distinct stem and leaves, 
but possesses neither fibro-vascular bundles nor 
roots, and bears the sexual organs (oophore). 
The fertilised oosphere gives rise to a capsule 
containing spores (sporophore). 
Glass 3. Hepatic89. 
„ 4. Musci. 
3rd Group. Pteridophyta. From the spore a small pro- 
thallium is developed which bears the sexual 
organs (oophore). From the fertilised oosphere a 
plant is developed consisting of stem, leaves, and 
roots, containing fibro-vascular bundles and pro- 
ducing spores (sporophore). 
Class 5. FilicinsB. 

6. Equisetacead. 

7. Lycopodinae. 
4th Group. Phanerogamia. These plants are characterized 

by the production of true seeds containing at 
maturity a minute plant (embryo), furnished 
with rudimentary root, stem, and leaves. The 
ovule contains the oosphere from which the em- 
bryo is developed in consequence of fertilisation. 

A. Gymnospermae. 

Class 8. Gymnospermad. 

B. Angiospermae. 

Class 9. Monocotyledones. 
10. Dicotyledones. 
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If the cliaracteristics whioli are common to several gronps b^ 
especially considered, the Phanerogams may be distingnished aJ9^ 
seed-bearing plants from the three groups of Cryptogams; ih^ 
Thallophytes and Mnscineae may be distingnished as non-vasctdar' 
plants (^celltdar plcmts) from the higher Cryptogams and the Pha^ 
nerogams which are vascular -plajitB, and the Thallophytes from th9 
three groups which exhibit a difEerentiation of leaf and stem, ancL 
which are termed Cormophytea, 

The above-mentioned Classes are of very unequal extent; for 
while certain of them, as the Equisetaceae, include few forms and. 
those for the most part very closely allied, others, as the Dicotyle- 
dones and the Fungi, include an enormous number of very different 
forms. These discrepancies arise from the very nature of the 
natural system, for a great diversity does not necessarily display 
itself in a type which is represented by a single class, and it must 
not be forgotten that probably the few living representatives of 
many Classes, for instance of the LycopodinsB, are but the surviving 
remnant of various once well-represented orders which have be- 
come in great measure extinct. 

Those Classes which include a sufficiently large number of forms 
are subdivided into subordinate divisions, as (1) Sub-classes, (2) 
Series, (3) Cohorts, (4) Orders, and these again, if necessary, into 
Sub-orders, etc. ; but these names are applied in the most arbitrary 
manner to the different sub-divisions. The two narrowest system- 
atic conceptions, viz.. Genus and Species, are used to indicate an in- 
dividual plant. Under the term Spedea are included all individuals 
which agree so closely that they may be considered as having all 
descended directly from a common ancestral form. New pecu- 
liarities may no doubt — though comparatively seldom — occur in 
the course of multiplication : the individuals characterized by these 
new peculiarities are regarded in classification as varieties of the 
species. When several species resemble each other so distinctly 
that their general appearance indicates a relationship, they are 
grouped together in a Qenus. The limits of genera are consequently 
by no means fixed, but vary according to the views of individual 
botanists. In the larger genera the species are grouped into 8vh» 
genera. 

The scientific name of every plant consists — on the plan introduced 
by LinnsBus — of two words, the first indicating the name of the 
genus, and the second that of the species. Thus, for instance, the 
greater Plantain, Plantago major^ and the Kibwort, Flantago 
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la/nceolata, are two species of the genns Plantago. Since in early 
times the same plants were often described nnder different names, 
and as different plants were often designated hj the same name, it 
is necessary in scientific works, in order to avoid confusion, to 
append to the name of the plant the name of the botanist who is 
the authority for it. Thns Plantago lanceolata L., indicates that 
LinnsBns gave the plant this name, and at the same time that the 
plant meant is the one which Linntens described and to which he 
gave the name. Again, the Spmce Fir is called Abies excdsa D. C. 
(De CandoUe), while the same plant was placed by LinnsBus in the 
genns Finns nnder the name Piniis Abies L.; hence these names are 
synonymons ; but Pinvs Abies Doroi, is another plant altogether, 
the Silver Fir. 

The method by which each plant has its place assigned to it in 
the natural system is exhibited in the two following examples — 
I. Plantago major ; II. AgancvLs muscarius : — 

L Group: Phanerogamia. 

Division: AngiospermeB. 
Class : Dicotyledones. 
Sub-class: Gamopetalsd. 
Series : Hypogynse. 
Cohort: Lamialcs. 
Order: Plantaginea3. 
Genus: Plantago. 
Species: Major. 

XL Group: Thallophyta. 

Class : Fungi (Carposporece). 
Order: Basidiomycetes. 
Tribe: Hymenomycetes. 
Family: AgaricineB. 
Genus: Agaricus. 
Sub-genus: Amanita. 
Species: Muscarius. 
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GROUP L 

THAI^BOPHXTA. 

Tills gronp inclndes the lowest forms of vegetable fifeu They pre- 
sent no differentiation of stem, lea^ and root, and some of them are 
nnicellnlar, the entire organism consisting of a single cell. In the 
lowest members of this g^np there is no sexnal reproduction ; in 
the higher, the product of sexual union may be a zygospore or an 
oospore, or a mass of carpospores, or a fructification within which 
carpospores are formed. The division of the group into the two 
classes AlgsB and Fungi is artificial, in that it is based upon the 
presence (Algee) or absence (Fungi) of chlorophyll. Still it is 
probable that these classes are on the whole really natural, and 
that the evolution of higher forms proceeded equally in both. 

General Classification of Thallophttes. 

A. Protophyia, 

No sexual reproduction. 
Algce, Fungi, 

PhycochromaceoB. Schizomycetcs. 

Saccharomycetes. 

B. Zygnsporoe. 

Sexual reproduction by conjugation. 
Product, a zygospore. 
ConjugatsB. Zygomycetes. 

ZoosporesB. Myxomycetes (?).* 

BotrydiacesB. ChytridiaceeB. 

C. Oosporece, 

Sexual reproduction by fertilisation. 
Product, an oospore. 
SiphoneoB. SaprolegnieoB. 

VolvocineaB. PeronosporeeB. 

CEdogonieoB. EntomophthorecB (?). 

ColeochaBtesB. 
CharacesB. 
Melanophycca}. 

* The note of interrogation indicates that the occurrence of scznal reproduc- 
tion has not been definitely ascertained in the Order to which it is appended. 
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IX CarptrnporecB, 

Sexnal reprodnction by fertilisation. 

Product, numerous carpospores. 

Alg(B, Fungi, 

FlorideoB. Ascomycetes. 

UredineaB (uEcidiomycetes) (?). 
UstilagineeB (?). 
Basidiomycetes (?). 



Class I.— ALGiE. 

These are plants of the simplest structure, which either live in 
water in the form of green, blue-green, or brownish filaments or 
masses of cells, or clothe damp surfaces such as rocks, walls, or the 
bark of trees, with a covering of one or other of these colours. In 
the sea they attain often a very considerable mass ; some of them 
are of a beautiful red or brown colour, and attract the attention of 
the observer, partly by their gigantic size and partly by the el^ance 
of their ramification. Whilst some are unicellular, existing through- 
out their whole lives as single cells and producing new individuals 
by division, others form long rows of cells, or considerable masses 
or extended surfaces of cellular tissue. 

The most important feature in which the plants of this Class 
differ from the Fungi is the presence of chlorophyll and the con- 
sequent mode of life. The Alg89 are able to form the organic sub- 
stances necessary for their nutrition, whereas the Fungi are obliged 
to obtain them from other organisms. The presence of chlorophyll 
is obvious enough in the green AlgsB, but it exists also, though less 
evidently, in Algaa which have a bluish-green, olive-green, brown or 
red colouring-matter in addition in their chlorophyll-corpuscles. 
The nature of this additional colouring-matter is usually the same 
throughout whole families which also resemble each other in their 
modes of reproduction. 

The reproduction of the Algae, when it is not merely a process of 
division, is effected by cells which are produced sexually or asexu- 
ally. The former are designated by terms which indicate the 
special mode of their development {zygospore^ oospore, carpospore) : 
the latter are spoken of generally as spores {zoospores when they 
are motile). Reproduction by means of zoospores is very common 
in this class (Figs. 37 and 80) : these are small protoplasmic bodies, 
without cell- walls, formed either by the division or the rejuvenes- 
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cence of a cell, which move through the water by means of delicate 
filaments, the cilia: after a time they come to rest, become in- 
vested by a cell- wall, and give rise to new individuals by growth 
and cell-division. 

In the very lowest forms reproduction is effected neither sexually 
nor by means of zoospores. In the ConjugatsB the entire contents 
of two cells unite to form a zygospore. In many ZoosporesB two 
zoospores, which may or may not be exactly similar and which 
are usually formed by cell-division, coalesce to form a zygospore. 
To these naturally follow those orders in which only the small 
male cells (antherozoids) are motile, the female cells being the 
oospheres which remain in their mother-cells (oogonia) and are con- 
verted into oospores in consequence of fertilisation. The oospores 
may or may not be invested by special integuments, and, on ger- 
mination, may give rise to one or more individuals. From these 
the FloridesB differ in the peculiar structure of the female organs 
and in the formation of a number of reproductive cells, the carpo- 
spores. On the other hand the ZoosporesB resemble the Botrydiacese, 
which have only lately been accurately studied ; but there is this 
difference, that the zygospore of the former group undergoes a 
period of rest before it germinates, whereas that of the latter 
germinates immediately after its formation. This is also the case 
with the oospore in the MelanophyceaD, so far as their mode of 
reproduction is known at present ; in them the oosphere, though it 
is set free before fertilisation, is not motile. 

If, in addition to the modes of reproduction, the general Tegetatiye 
structure of the Algea be considered, a classification such as the 
following may be constructed. This must of course be considered 
as only provisional, since the reproduction of many forms is still 
unknown, and it is therefore only possible to assign them a system- 
atic position by a consideration of their vegetative structure. 
I. Sexual reproduction unknown ; no zoospores. 

Order 1. PhycochromacesB ; bluish-green Algsd. 
II. Sexual reproduction, effected by the conjugation of the 
entire contents of two stationary cells. 

Order 2. Conjugatee. 
III. Sexual reproduction, effected by the conjugation of zoospores. 

Order 3. Zoosporese ; the product of conjugation is a 
resting zygospore. 

Order 4. Botrydiaceae ; the product of conjugation is a 
zygospore which germinates at onco. 
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IV, Sexual reproduction (so far aa ia at present known), effected 
by the fertilisation of a free ooaphere ; from the oosporo 
a, new indiridnal is directly developed. 
Order 5. Melanophyceffi. 
T. SexTial reproduction, effected by fertilisation within special 
female organs (Oogonia und Carpogonia). 

A. The thalluH a single, mnch-branched, filamentous cell. 

Order 6. Siphonete. The oospore gives rise to a single 
new individual : female organ an oogonium. 

B, The thalluB ia mnlticellnlar. 
(ffi.) Female organ an oogonium. 

Order 7. Volvoeineai : thallus motile. 

Order 8. tEdogonieffi : thallns filamentous. 

Order 9. Coleochtetese ; thallua consisting of rows of 

cells : oospore with a special cellular investment. 
Order 10. Characeee ; the oosphere has a cellular in- 
vestment before fertilisation. 

(6.) Female organ a carpogonium. 
Order 11. Floridete (red Algte) : the female organ has 
a complicated structure: nnmerona spores produced 
in consequence of fertilisation. 
1. PHTCOCliROMACEj;, Or bine-green AlgEB. Neither sexual repro- 
[oction nor formation of aoosporea ia known in this order : mnlti- 

. ifl effected most frequently by 

kell-division, which takes place in some 

3 than one plane, but some 

times also by means of spores. Several 

of the genera are unicellular, e.g., Glceo- 

capsa (Fig. 74), Chroococcus and others 

The separate individuals are sometimes 

enveloped in a gelatinous diffluent mem 

brane, and are thus united into colonies 

. or families forming a blackish or daik 

^bluB filin on rocks or Mosses. Others , 

Bhppear as many-celled filaments : Nofatoc ( 

I (Fig. 75 A) for instance, consist* of rows ^ 

of cells forming brownish gelatinous masses which are often to be 

found after wet weather on paths or sandy soil ; in a dry state 

they are inconspicnons and of a dark colour. The OscillarieiB 

yfyig. 75 B), the filsjuents of which exhibit peculiar locomotor move- 

e ofteu seen aa bine-green or brown-green patches floating 
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a Btagnant waters and baring a very disagreeable smell. The Ri* 



volarien form coshioa-Uke patches 

matrix. 
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isting of a gelatinous 
whicli the filaments are 
disposed radially ; they occnr on 
Bnbmerged stones and water-plants. 
2. The CoNJCQATf are distiii- 
gnished by the process of conjuga- 
tion which takes place between the 
whole of the protoplasmic contents 
of the cells in the process of reprodnction. Zoospores are not 
formed. They are snbdivided into three families : 

a. The Zygnemaeecs, consisting of long nnbranched filaments which 
occnr in large floating patches in many waters, particularly ponds 
and springs ; they are easily recognised by their bright green or 
yellowish colonr as well as by the delicacy of their filaments. 
Their chlorophyll-corpuscles have pecoliar forms : in Spirogyra they 
are spiral bands (Fig. 40) ; in Zygnema, stars (Fig. ?6 J) ; in 
Moageotia, plates. 

b. The DetmidiacecE include nnicellalar forma, 
tremely beantifal, as Closterinin (Fig. "6 
B), Coamariom, Staurastrum, Euastrum 
(Fig. 76 0). 

c. The Viatomaeas, in which the chloro- 
phyll-corpnsclea are of a dark-yellow colonr. 
The indiTidnals are tmiceUnlar ; the cell- 
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70,— 'J FragraeQt of a flliunent of ^jffnt 
I two BtaT.Bbap?d chlarophyLl-co 
olonrlBBB masB of prutuplaeni 




oblaraphyll-pUloa. 

walls contain much silica, and exhibit extremely delicate and 
elegant thickenings. The wall (fmstnle) of each cell consists of 
two halves which fit into each other like the two parts of a pill- 
box (Fig. 77 a). Division takes place lengthwise between the two 
halves, and the newly-formed wall of the daughter-cell is enclosed 
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flritliiii the rim of that of the mother- cell, eo that the two halves 
of the cell-wall are of different agoa- In consequence of repeated 
diviaion the indiridnals miiBt grow smaller ; when this diminntion 
hoB gone on to a certain extent the formation of ituyosjiores takes 
place, that is of very large cells, either by means of growth alon'i 
or am ihe resnit of conjngation and subseqnent growth. In som.e 
genera, e.y., N&vicnla and Pinnnlaria (Fig. 77) the individnala are 
solitary and they m endowed with a peenliav creeping mode of 
locomotion. In others, as Melosira, they are arranged in long 
filamentfl. They oocar freqnently and in great nnmbers in all 

(waters, fresh as well as Halt, soraetimea also in damp soil between 
ilosses. The siliceous fmstnles of Diatoms have been preserved 
from the early geological epochs and exist in variona parts of the 
Irorld in great maGses, nnder the name of infusorial earth. 
3. The ZoosPoaB« are reproduced by means of zoospores which, 
pi the case of many forms at least, conjugate, and give rise to 
resting zygospores. 

Some families, finch as the Sijdrodialyem consist of unicellnlar 
forms which generally live together in colonies (Fig. 78 A). The 
whole colony is nsually actively 
motile by means of the cilia o£ 
its individual members. Periods 
of rest sometimes alternate with 
periods of movement, and these 
resting forms were f omierly re- 
garded as being distinct plants; 
Bnch are many Palmellaceee and 
perhaps Pleurococeus vulgaris, 
which is constantly found as a 
gpeen growth on the tmnks of 
trees and in similar situations. 
Htematococcns lives In puddles; 
the resting-cella are of b. pur- 
plish-red colour and where they 
occur in masses they impart a 
red hue to the water or to the 

The Oonfervem are filift 

all waters, being especially abundant near their margins; the 

^^- zoospores are formed in the individual cells, either In considerable 

^^npnmbers or one only in each. The filaments of Cladophora are 




, (red Riiow). 
B which are widely distributed in 
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Ulotlirix axe eimple; in this plant certain larger zoospores re- 
prodnce it Tegotativelf, whereas tke smaller ones conjagate and 
reproduce it BexoaUy; Chroolepua ia oranga-coloured, and grows 
on damp rockB, etc., in velvety patches. 

In the UlvaeeiB the polyhedric cells are united into flat ex- 
pansions ; in Ulea Laetuoa, which is a common green sea- weed, the 
membranoos expansion may be simple or more'or lees branched ; in 
Enteromorpha it forms i^e wall of a tube. 

4. The BoTBTDiACES are represented in fresh water by Botrydimn 
alone. This is a small onicellnlar plant, looking like a green 

spheroidal 




.—JPuoiUHKJinilonu, nboDthftltiuit. Bi 



spores, 
each of 
■which gives 
rise to a 
large 

Ir-blWldc™. /rer- y^^ ^ ^^_ 

jngating zoospores. 

5. Melanophtcea. These are the brown sea- weeds. Their chloro- 
phyU-corpnscles are of an olive-green colour. They are nsnally of 
ft ocmsiderable size, and present great variety of form. The thallns 
conaifitG aometimos simply of rows of cells, sometimes of masses of 



tisane ; it often attains gigantic dtmenBions, and appears to bmnclt 
dichotomonsly. The celUwaliB are very mncilaginona. Some are 
I provided witli large cavities filled witli air (Fig. 79 b), by means of 
Trhicli they are enabled to float. 

The reprodnctive organs are borne by certain branches of the 
thallufi (Fig. ?9). They ore developed in peculiar depresaions of 
the snrf tice, the conceplaclts. The antheroKoida are formed in certain 
cells termed antheridia, and the oosphereB in certain cells termed 
oogonia. The oosphei'es are eitmded from the oogonia and are 
then fertilised by the antherozoids. The oospore at once developes 
into a new individnal. 

The different species of Fnona and of Laminaria are typical 
representatives of this order. 

6. The Siphonej: are nniceUnlar, bnt the tnbnlar cells are large 
and mnch branched. The different species of Vaucheria (Fig. 80) 




^^_ foi 



are freqnentlj found in springs, in wells, and on damp soil, in large 
dark-green patches. Zoospores are developed in special cells 
formed by the cutting off, by means of septa, of some of the branch- 
lings of the main cell (Fig. 80 A), Sesaal reproduction ia 
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effected by antheridia and oogonia. The antheridia are cells, 
DBiially curved into a hook-Bliape, ^bich are developed as lateral 
branches. Within them the antherozoids, which are subsequently 
discharged, are formed. The oogonia are spherical cells, developed 
close to the antheridia, 
in which the oosphere 
is formed by rejuven- 
escence (Fig. 80 F. og). 
After fertilisation the 
oosphere becomes but- 
rounded by a proper 
membrane, and is thea 
known as the oospore. 
Whether or not the very 
- „ jgm^m - i^Hi large forms found in the 

^^^k. M^^Kt \^H ^^ ^'^'' ^^^^■'P^ con.- 

^^^^^k il^^H^ ' ^^ sisting of a single mucb- 

^^^^^H ^I^^V i^^^s branched cqU, really be- 

^^^^^H ^^^K, fi^^Hl ^s.^^ ^'^''o '^ ''^ order, is at 
^^^^V D^^^B^^^^ /l^^K. P^^^^"'' uncertain, for 
^^^^ V^^^H 1 \ (I ^^Knl their reproduction has 
not been folly investi- 
gated as yet. 

The order of the Si- 

phoneiB appears to be 

closely allied to 

the Saprolegnieie (Fnn- 

gi) than to the other 

, 7. The VOLvociNEa, 

1 represented by the 

""* genus VolvM, are 

liig closely allied in their 

oogonliuni i llie anlboroioid in tba aoCuI Ibreingila way stmcturo tO the ZoO- 
(n; m dwarfmala plant. CBipeooapors fl Piece o[thB ,. , ,. 

raalo fllBment o( (Ed. jem^lliparum, . Mtlioroioids. B Bporess vrhich live m 

BranclmtaBuUiocfialtiWithoQooogonloniaUlloontBioing colonies ; the colony 

rj™^Tiremp'^*mg™ta^'^FVh"to™'^o,po™ ^^""^ '^^^^ *^® *«™ <** 
formsd from an Doapore. Q Zooapore from no ooaporB a hoUow Sphere. Fer- 
eome to roat. (Aflor FnngsiiBini.) tilisation is, however, 

not effected by the conjugation of zoospores ; but the oosphere, 
which is Htationacy, Is fertilised by autherozoido. 




Tia. B1.~A (Edogoniam nJiafum (x MO). J 
or B aeinal fllament with two DOgoma (oj) fe 
Iwart male pluiU (m). devBlDped Irom looe 
m the cell m si the upper part at tbe fllami 
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8. The CEdogosies occur ia green patches in springs and othop 
f 'waters. These patches are composed of cellular filaments, of which 

the separate cells sometiiDes produce zoospores, and Bometim.es 

become oogonia, the contents of each one being converted into an 

oosphere by rejuvenescence {Pig. 81 B). The antherozoids, which 

resemble the zoospores bnt are smaller, are produced in some 

species by repeated diTision in the cells of the filaments (Fig. 81 D) ; 

but in other species the cells of the filament give rise to peculiar 

I zoospores which adhere to the oogonium and grow into dwarf maleg 

leonaiating of bnt few cells (Pig. 81 A m), in which the anthcro- 

f.Xoids are formed. 

9. The COLEOCHsTEs form hemispherical or disk-ahaped cnshions 
jf a beauiifol green colour on Bubraerged stones and water-plants. 




ne. M.-J upper portion o. > mnco a. btmiui jum™ {n«t. Bjie) 


Blhe Btemibths 


iMToe i with m ItB femslB. and n thfl in&le orgaoi. B Part of a fi 


rtUelBfLfnotCh-n-a 




B. Tho p8caliarl7 


tirlatid iDveBiiDg.cellB ot Iba oOKOniom end in a UtLls naroiia, kr. 




(KtUit Sulu.) 






KThe female organ is unicellular, and presents a long tubular pro- 

[jection open at the apes, the trlchogyne. After fertilisation the 

Boosphore in the basal dilated part of the oogonium becomes invested 

Whj a special membrane ; the oogonium becomes enrronuded by out- 

rowths from neighbouring cells, so that it is enclosed in a cellnlar 

Jintegument, On germination, the oospore divides, and from the 

Bells thns formed there escape zoospores, which subsequently give 

e to new individnaU. 
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10. Chabaohb. These are the only green Alges which, like the 
FloridesB, have members that can be regarded as leaves. In the 
genns Nitella (Fig. 82 A), inhabiting waters, which are not hard, 
each intemode of the stem consists of a single cylindrical cell (Fig. 
82 A «), the wall of which is lined by a compact layer of chloro- 
phyll-corpuscles. The so-called leaves (Fig. 82 A, h) form whorls 
at the nodes and each consists of a row, sometimes branched, of 
elongated cells all similar in form. In the other genns, Chara, of 
which numerons species . oocnr in many waters, and which are 
remarkable for their nnpleasant smell, the stem and leaves are 
covered with small cortical cells. In all the long cells a rapid 
rotation of the protoplasm is perceptible. The female organ is an 
egg-shaped body (Fig. 82 B); it possesses a covering of cells 
twisted spirally, which encloses the oogonium. The oosphere be- 
comes an oospore in consequence of fertilisation, and remains 
enclosed in the integnment. The antheridia (Fig. 82 a) are visible 
as small red spheres; within them the spiral antherozoids are 

produced in rows of cells. 

11. The Flobideji, or red Algae, 
are of a beautiful red or violet 
colour, and live in the sea; only a 
few forms, such as Batrachospermum 
moniliformey of a purplish-brown hue, 
are found in fresh water. Many re- 
presentatives of this class are dis- 
tinguished by their graceful branch- 
ing ; and in several genera, e,g^ Poly- 
siphonia, it is of such a nature as 
almost to justify the designation of 
some of the branches as leaves. Re- 
production is effected in a peculiar 
manner. The female organ, whioh is 
termed a carpogonium, is frequently 
ii lii ^d oVab^h^th a'lMirimd ^^aulticellular. Fertilisation takes 

a female organ; the former produoes place by means of antherozoids 
the antherozoids, the latter oonsiBtB of -t* i. t. • •■!• . .., 

the trichogyne t, to which the antherc ^^^^h, havmg no oiha, are not motile 

xoids • adhere to efibct fertilisation, and (Fig. 83 As), They attach them- 

female organ, the trichogyne (Fig. 
83 0> which is, however, not open, like that of Coleocheete, but com- 
pletely closed ; in consequence of fertilisation, a cystocarp is formed 




Pis. 89.— Fructification of Nemalion. 
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from the basal portioii of the trichogyne, or more frequently from, 
cells which surround its base, or from others more remote from 
it. The cystocarps are either masses of carpospores (Fig. 83 o), 
or receptacles, within which carpospores are formed. The aseraally- 
prodnced spores (ietraspores) are also devoid of cilia, and are pas- 
sively floated about by the water. 

CalUthamnion eorymbotum^ Ceramium ruhrumt Chcndrus erUpm (used in 
medicine as Carrageen Moss), Plocamium coccineumt Dele$8erta hypoglossum and 
Corallina rubens, are common representatives of this class in European seas. 



Class n.— FUNGI. 

This class, like the preceding, includes many very simple 
organisms, as well as others of tolerably high development. None 
of them contain chlorophyll, and their mode of life is correlated 
with this pecnliarity. They mnst take np their nourishment, and 
more especially their Carbon, in the form of organic componnds. 
Some, termed Parasitesy such as Rnst and Smnt, absorb it from 
living organisms, plants or animals. Others, called Saprophytes, 
absorb it from the remains of dead organisms, or from organic 
componnds formed by living organisms : the bark of trees and the 
hnmns or leaf-soil of forests and meadows are examples of the former 
case, and they support nnmerons and often large Fnngi ; the jnice 
of fruits and saccharine solutions are examples of the latter case, 
and in these Moulds and Yeasts often make their appearance (see 

§ 33). 

In Fungi the cells are usually arranged in rows, so as to form 
long filaments called hyphca : these are loosely and irregularly 
interwoven {tela contexta)^ as in the common Mould ; but some- 
times they are firmly connected into a mass of considerable size, of 
definite external form and internal structure, as in Mushrooms. A 
few Fungi only consist of small isolated cells, or of long branched 
tubular cells, like the Siphonesa among the AlgsB. The thallus 
developed from the spore, when it is not unicellular, consists of 
hyphsB, and is called a mycelium. The organs of reproduction are 
usually developed upon some part of the mycelium, but, if circum- 
stances be unfavourable, the mycelium may continue to vegetate 
for a long time, attaining a most luxuriant growth, without bear- 
ing any reproductive organs. The white felt-like growth which 
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often clothes the walls of damp cellars is a sterile mjceliiim of this 
kind. 

The reprodnctive cells of Fnngi are formed in two ways : in the 
one, the protoplasm of the mother-cell divides into a number of cells, 
that is, free-cell formation takes place within it (spores, ascospores); 
in the other, segments are cnt off from the mother-cell by abstric- 
tion (stylospores), a process which differs from that of ordinary 
cell-divisions only in the marked constriction of the cell in the plane 
of division. The cells which undergo this abstriction are called 
hasidia, and they frequently bear a delicate projection, the sterigma^ 
at the end of which the spore is borne. In some Fnngi the cells 
formed by the first of these two methods are naked masses of proto- 
plasm, and move actively in water ; they are called zoospores. The 
lowest Fungi are not reproduced sexually, and this is probably also 
true of some which are more highly organized. Sexual reproduc- 
tion is exhibited in the form of conjugation by the Zygomycetes, 
in which branches of the mycelium coalesce, and in the form of 
fertilisation, closely resembling conjugation, in other Phycomycetes 
as well as in many Ascomycetes. Other Ascomycetes (and perhaps 
the XJredineaB) have female organs which resemble the carpogonia 
of the FlorideaB, and which are fertilised by small cells, the spermatia, 
which are passively conveyed from place to place. These cells are 
formed by abstriction in certain receptacles called spermogonia. In 
the following account of the various groups of Fungi, as in the case 
of the Alg8B, the reproductive cells which are produced asexually 
are spoken of as spores or conidia (stylospores, zoospores, etc.), 
whereas those which are produced sexually are spoken of as zygo- 
epores, oospores, carpospores {ascospores, ceddiospores). 

The following remarks are explanatory of the arrangement of the Fnngi which 
is adopted here. In the Phycomycetes sexual reproduction is e£Fected by the 
conjugation of two hyphsB, or by a process which differs bnt little from this. 
The product is a resting-spore which, on geimination, may give rise to an in- 
dividual bearing conidia, or simply to a sporangium. 

The Ascomycetes are probaUy nearly related to the Phycomycetes. In them 
the sexual process is of much the same kind ; but the product is not a single 
cell, but a number of cells (ascospores) contained in receptacles called aid. 
These asci are more or less enclosed in the mycelial tissue, and these together 
form a fructification. The mycelium bears, in addition to the sexual organs, 
numerous organs which reproduce it vegetatively. 

The greatest difficulties are offered by those Fungi the reproductive oeUs of 
which are formed by abstriction. In the Uredines the SBcidium-fruit is probably 
the sexually-deTeloped fructification, or it is at least analogous to such a fruoti- 
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fioation, whereas the other fmotifioations are probably produced asezoally. 
No seznal organs have been discovered as yet in the Basidiomycetes, and their 
large fmctifieations may therefore be regarded as organs effecting asexual 
reproduction. 

As to the relationship between Fungi and AlgSB, the Schizomycetes and the 
FhycochromaceaB appear to be allied^ and they are connected by intermediate 
forms. Besemblances also exist between the Chytridiacese and the lowest Zoo- 
spores. It seems probable that the divergence of the two classes began at the 
first indication of sexual differentiation. In the lower Algie the zoospores con- 
jugate, and the connection of the more complicate sexual processes of the higher 
AlgiB with this simplest form can be readily traced. In the lower Fungi, except- 
ing the Chytridiacesd and the Myxomycetes, the cells which correspond to the 
mother-cells of the zoospores of the Algie are those which conjugate. 

The EntomophthoresB are perhaps intermediate forms between those Fungi in 
which the conidia are formed in the interior of mother-cells and those in which 
they are formed by abstriction. Their sporangia may be compared with those 
of tiie PeronosporesB on the one hand, and with the conidia of the Uredineie and 
Basidiomycetes on the other. 

The following is an attempt to classify the Fnngi in accordance 
with the present state of onr knowledge : 

I. Sexnal reproduction nnknown : mnltiplication by cell-division 
or by spores. 
Order 1. Schizomycetes. 
Order 2. Saccharomycetes. 

II. The mycelixim (if present) consists of a single tnbnlar, much- 
branched cell: spores are formed in sporangia: sexnal 
reprodnction occurs in the form of conjugation, or of fer- 
tilisation, the product being (except m Myxomycetes) a 
resting spore (Phycemycetea), 
(a.) Sexual reproduction hy conjugation. 

Order 3. Zygomycetes. Mycelium, a tubular cell : spores 
non-motile (the sporangium is sometimes thrown 
off as a conidium). 
Order 4. Ghytridiaceao. Mycelium usually absent: zoo- 
spores. 
Order 5. Myxomycetes. No mycelium. The plasmodium, 
formed by the coalescence of the amoeboid masses 
of protoplasm set free from the spores, is motile. 
(b.) Bexual reproduction by fertilisation. 

Order 6. Saprolegnieao. Mycelium, a tubular cell : zoo- 
spores. 
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Order 7. Peronoepore». Mycelinin, a tabular cell : wx) 
spores are formed in the sporangiuni whicli is 
thrown off as a conidinm. 

Order 8. (?) Entomophthoreae. 

m. The mycelium consists of mnlticellnlar hjphsB. The presence 

of sexnal organs has been ascertained in some members only, 
(a.) Spores formed in the and of a fructification. 

Order 9. Ascomycetes. 
(b.) Spores formed by abstriction or by simple cell-division. 

Order 10. IJstilagiaesd. The spores are formed by division 
of the hyphsB. 

Order 11. TJredinesB. The spores, which are nsnally of 
different kinds, are formed by abstriction or by 
cell-division at one point only of each basidinm, 
partly in small fmctifications (perhaps sexually 
produced) and partly on the mycelium. 

Order 12. Basidiomycetes. The spores, which are all of 
one kind, are formed by abstriction at different 
points on each basidium in asexual fructifications. 

1. The ScHizoMTCETES are very minute organisms, of which little 
more than the outline can be detected ; they are therefore very 

easily confused with altogether different ob- 

})'=\^ J^ jects. The cells may be either isolated, and 

V < * * then spherical (Micrococcus, Fig. 84 a), or rod- 

^ ^^f^ like (Bacterium, Fig. 84 6), or united into 

Pio. 84.— Schizomycetea filaments which may be straight (Bacillus) or 

(X 600). o Micrococcus; spirally wouud (Spirillum, Fig. 84 c). They 

b Bacteriam ; c Spirillmn. ■*% ii*i i :!••• i i* -n •11 

generally multiply by division, but in Baculus 
spores are formed : certain cells of the filaments undergo divisions, 
and the cells thus formed are distinguished by their longer persist- 
ence, and their power of resisting injurious influences. Some 
tonus produce colouring-matters in the course of their life (such 
as that causing the red colour of mouldy bread) ; others play a 
part in certain infectious diseases, such as Diphtheria^ Cholera, 
Typhus, etc. 

2. Sacchaeomtcetes. These Fungi occur in fermenting sub- 
stances. The mycelium consists of branched rows of oval cells, 
produced by successive budding: the cells separate very easily 
from each other. Spores are produced in the cells under cer- 
tain circumstances : they are four in number in each cell. These 



Fimgl have the poner of converting the sugar contaJned in the 
Babstance npon, which they lire into alcohol and carbonic acid. 

Saeettaromyett CerevUia, the ordiuary yeaat (Fig. 
8E), is onXy imoffn in the enltiTated state in irhitji 
it vs lued in braving, etc S. tlliptoideut occurs in 
nature on the Eortace of fmita, aach as grapei, tuid 
oaoBea the lermentation of their jnioee after the; 
hsTe been craslied. S. Myeoderma belongB to this 
gnmp : it exists on the sorfoce of fermented floids 
and cansei theii further decomposition. 

3. Ztooutcetib. Of these, the most common and the most im- 
portant are the species of the geons Mncor, each as Mueor Mvcedo, 
nueffUMtw, stolonifer, which occnr as monld on preEerres, bread, etc. 
The mycelium is much branched, bnt consists only of a single cell 
(Fig. 86 m) : it grows in the substance and, when mature, throws 





up aerial branches. These become enlarged at their free ends 
and by the catting off of the enlargement by a curved partition, 
the Hporanginm is formed, within which tmmerous spores are 
formed (Fig. 86 t). On germination, each spore gives rise to a 
new mycelium, which, in its turn, bears sporangia and spores. 
Under certain circumstances the mycelium bears zygospores (Pig- 
87 k). Two branches of the mycelinm come into contact at their 
free ends, and a cell is cut oS in each by the formation of a septum : 
tiio two cells coalesce (conjugate) to form a single cell, the zygo- 
spore : its cell-wall becomes much thickened. After a long period 
of quiescence it germinates, and it usually produces a single hypha 
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bearing & sporanginm quita similar to those borne by Hm tKiioary 

i. The Chttkidiacbs: are among the lowest of the Phycomycetea, 
Some of them consist of a single spherical or oval cell, which itself . 
becomes a, sporanginm, its protoplasm giving rise to a nninber of I 
zoospores. When one of these zoospores comes to rest, it assnn 
the spherical form. Conjugation of both motile and stationary cells i 
i of this Order, the former in Poly- 




Fia.BB.— JPartof apliutmodiaiuofHidDmitnii tiucopualx 30^). B A clou 
of Araarin inrarnatu. C Tha ssme nflor the mpWre of Its walls iv) and bi] 
FapUUUaincp(i< »)|. ^ Alter Bscba.) 

phagas and Zygochytrium, the latter in Tetrachytrin 
forms live in water either as saprophytes, or as parasites upon I 
aquatic plants. The gonns Synchytrinm inclndes forms which are 
parasitic upon land-plants, such aa Anemone and Taraxacum : in J 
these the single cell gives rise to several sporangia. 

5. Mtxohtcetib. In the mode of development of their aporea 
these plants resemble the Zygomycetes, but in their stmctare they I 
differ widely from all other Fungi. In the vegetative condition I 
they do not consist of cells or tissnea, but they are simply n 
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of naied protoplasm, called planmodia (Fig. 88 A), creeping from 
place to place on the snbatratnm, which may be tan, earth, decayed 
leaves, etc. At the sam.B time a rapid streaming may be observed 
in the protoplasm itself. When it is reproducing itself, the whole 
plasmodiam is converted into sporangia, wliich are spherical bodies 
reaembling the fractifications of Truffles (Fig. 88 B) ; in these the 
Bpores are formed. In some cases the whole of the contents of 
the sporangium are converted into spores ; in others, a part of 
them go to form the capilUtium (Fig. 88 ep), which ia a network of 
Glamenta. On germination, the protoplasm of each spore is set 
free, and either creeps aboat in an amoeboid manner, or swima as 
a zoospore. These isolated masses of protaplasm. unite in great 
numbers to form the large plasmodia. 

Mthalitimifptica!a,l\ie "QowerB of tao," oocura in the form of jelJow plas- 
inodia, wbiob ou; be eeVBral Bquore ioohes in eitent, on Bpent tsa: it toime 
masBeB of sporaugia which are jellow externall; and dark brawn intemAllf . 

Trichia rabijormis and Didymium ler^pula are smaller forms nhich are 
commonly found in foreats. The sporangia of the former are brovn oval 
bodies, from 2-3 mm. in length ; they occur m groups on Icavea or among Moaa. 

6. The SipeolegniEjE arc aqnatic Fungi. The branched unicellu- 
lar mycelium forma a dense growth upon the dead bodies of small 
animals or on parts of plants which are in water. Correlated with 
their mode of life is the fact that the reproductive cells formed 
in their sporangia are zoospores. Sesual re- 
production is effected not by conjugation but 
by fertilisation. The organs are of two kinds : 
there are oogouia, which are Bpherical cells 
each containing several oospheres, and there 
are antheridia from which protuberances are 
developed which enter the oogonia and effect 
the fertilisation of the oospheres. The re- 
anlting oospores germinate after a period of 
qniescence and dcvelope either zoospores or a 
myceiinm bearing sporangia. 

7. The Peronospobe^ are parasitic upon 
other plants. The nnicellnlar mycelium per- topMluira in/wMn. 
raeates the intercellular spaces of their tissues ^"^I^ J^"^( ™ ' 
and absorbs nourishment by means of special Potato ; a the ■paraoKia 
organs' from the neighbouring cells. Spor- '" '**'■ 

angia are formed on certain branches which usually project through 
the etomata of tha host (Fig. 89) : these are thrown off entire and 
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are therefore nsnally spoken of as conidia. If they fall into a drop 
of water zoospores are formed within them, which are set free: 
when these come to rest they attach themselves to the cuticle of 
their host, become invested by a delicate membrane, and then 
germinate. In some no formation of zoospores takes place, the 
sporangium itself developing a mycelium. In the forms in which 
sexual reproduction is known, the antheridium applies itself to the 
oogonium, and the oosphere contained in the latter becomes fer- 
tilised and is converted into an oospore. The germination of the 
oospore takes place after a long period of quiescence; usually 
zoospores are formed within it. 

In the genus Peronospora, which is represented by many species (P. paroHtiea 
on Gapsella, P. mvea on Umbelliferfe, etc.), only one sporangium is borne by 
each branch of the hypha which protrudes through a stoma. In Phytophthora 
the sporangia are displaced laterally by branches which arise from the hyphs 
bearing the sporangia, at their points of origin. To this genus belongs P^ 
infeitanit which produces the potato disease. The tissues of the host undergo 
decomposition in the infected parts and turn black: the mycelium of the 
Fungus extends from the circumference of these spots, and throws up hyphsB 
bearing sporangia through the stomata (Fig. 89). The zoospores developed 
in the sporangia of the parasite find their way to healthy plants : they also 
penetrate through the soil to the tubers, and the mycelium which is developed 
from them extends into the young potato-plant which grows from the tuber. 
No sexual reproductive organs have been observed in this Fungus as yet. 
Phytophthora Fagi infects and destroys the seedlings of the Beech. In Cys- 
topus (C7. candidus on Gapsella and other Crucifers, C, euhieus on Composita) 
hyphsB bearing sporangia are formed in great numbers close together under the 
epidermis, and cause its rupture : each hypha bears a number of sporangia. 

8. The Entomophthorej! are parasitic upon Insects. Empusa 
MuscoB, for instance, infests house-flies more especially in the 
autumn. The sporangia are formed by abstriction from cells which 
protrude from the body of the fly. Within them spores are formed 
which are projected agamst the under-surface of the bodies of 
living flies, the only part at which penetration is possible. In 
other species resting-spores have been detected which are possibly 
of sexual origin. 

9. The AsoOMTCETES have a mycelium consisting of multicellular 
hyphsB, on which a fructification is formed (ascertained with regard 
to some and hardly to be doubted with regard to the others) in con« 
sequence of fertilisation. The formation of the ascospores takes 
place within certain cells of the fructification called ascL Free 
cell-formation takes place within them, usually eight spores being 
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' formed. Each of these snrrotinds itself with a proper cell-waU 
{Fig. 39) ; sometimes they undergo divisioa. They are tiaual]j 
extruded from the aaci. FertiliBatioa may take place in two ways. 
In the one, two contipnouB branches of the mycelium become in- 
timately connected of theae one, which ie usually the lai^er, is the 
female oi^an, it is frequently apirally roiled, and is designated aa 
the ascogomum (Fig 9U S and as) , the other smaller one, which 




Fu. tw.— loroUiim rtptia. A A portion ot ths mynliom witli hyphe (s) beaiing oc 
' the oonidik hare klraadr tallea off from Ibe gurigmou (U) ; u. a ; ooiib aeaogciniiim. 
B AACogODium (ai> with a polllnodiiun (ji}, C Another, with hTphs grawlag up round it. 
D A f mctification ceen on tlu eiMilai. E. F BeiUons of nuilpa fracUacntiooB : u Cha 
In* eitmeat ; / BUmenU ariBioe rrom the aacogoninm, nhlch ■ubuqaenUjr bear ihe uci. 
S Ad uooi. H a ripe ucospore (augnified). lAfwr Sacbl,) 

attaches itself t« the aacogoniuiu, is the male organ, the pollinodmm 
(Fig. 90 B and Op). In the other way, the female branch of the 
mycelium is spirally wound and ends in a projecting filament quite 
similar to the trichogyne of the Florideffi (see page 120), to which 
the spermatia become attached. The ei^ermatia are small cells. 
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incapable of spontaneous motion, formed by abstriction in special 
receptacles known as the spermogonia (Fig. 99). This occnrs is 
the Lichens. Whilst the fertilised ascogoninm developes and finally 
produces the asci (which are often arranged in a special layer 
called the hymenitmij in which they are mingled with sterile fila- 
ments, the paraphyses)^ the snrronnding hyphsB grow to form an in- 
vestment which wholly or partly encloses the prodnct of fertilisation, 
and with these constitutes the fructification. The fructification 
either remains closed or has a very narrow opening, when it is said 
to be angiocarpous, and is termed a jperithecium ; or it opens so as to 
expose the asci, when it is said to be gymnocarpousy and is termed 
an apothecium. 

The mycelium also bears asexual reproductive cells, which are 
termed conidia or styloaporesy because they are formed singly or 
in rows by abstriction from certain branches of the mycelium the 
sterigmata (Fig. 90 A, et). Many of the commonest forms of mould 
are the conidia-bearing forms of Ascomycetes which bear sexual 
organs and fructification only under exceptional conditions. Be- 
sides these, in many Ascomycetes stylospores are formed by abstric- 
tion in special receptacles known as pycnidia. 

The following classification of the Ascomycetes is only pro- 
visional. A great number of them, characterized by a peculiar 
mode of existence, were formerly regarded as a distinct class, and 
known as Lichens ; these will be considered separately last of all. 
The Ascomycetes proper are commonly divided into four groups. 

(a) UrysiphecBy or Mildews. The fructification, which is a peri- 
thecium, has no hymenium : the asci are distributed apparently 
without order in every direction, and are often few in number ; the 
perithecium, the wall of which often has characteristic filamentous 
appendages, opens by irregular rupture, or in some cases not at 
all, so that the spores are only liberated by its decay. 

Species of the genus Erysiphe and allied genera live on the surfaoe of many 
plants, as the leaves of the Bose, the Hop, and others, and form a delicate white 
film known as mildew. The hyphie of the mycelimn throw out minute prooesses 
as suckers. The fructifications are visible to the naked eye as blackish specks. 
The conidia-bearing form of an Erysiphe of which the fructification is as yet 
unknown, which has been provisionally named Oidium Tuckeri, lives on the 
leaves and young fruit of the grape-vine, causing the well-known vine disease. 

To this division belongs a not uncommon mould, Eurotium Atpergillus (Fig. 
90) : in this form the conidia are abstricted in rows on a spherical swelling of 
the fertile hypha which bears the sterigmata. The commonest mould is Peiii- 
eillium glaitcum, but it is doubtful whether it b^ongs to this group. It bears 
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P tolls of braDched hyphtB, on whioh the oonidia are formed in rowa (Tig. 91). Ic 
this stage it ocoius as a greeiuHlt gre; film covering the eabstratum on which it 
grows, such as moist damp snli^taiicea and fluids of all kinds. The fructiflca- 
tion, only laleJj diaoovered, ia aa large as a pin's head aod oousists of a 
psendo-pareiiohymatons tissue which is 
traTersed and absorbed by the oacogenoua 
h^hag with the eic^ption of the most 
cxteoftl layer nhich remains ae a wall. 

(i) The Tuheracew, or Trnffles, 
have an nnderground, more or less 
Bpherical, completelj closed porithe- 
ciuia, in which the hymenia bearing 
the aaci line the eurf ace of labyrinth- 
ine passages through the mass. The 
sexnal organs and any other organs 
of reprod action are not known. 

Tuber ttiticum, brumalf, and other 
■pedes are eatable, and are linown as 
Trnffles; Elaphomycei granulaliu, about „, 
the size of a, walnat, is not tare. a 

(c) Pi/renomyeetes. The hymeniam lines the inner snrface of 
flask-ahaped or spherical receptacles, the perithecia (Fig. 92 G, cp), 
which open at the apex. These perithecia occnrs singly or in great 
nnmbers on a peculiarly constructed body, the droma. 

Among the simpls forms viith solitary peiitheoia mnEt be mentioned the 
genera Sphiaria and SphErella, many species of which appear on dead leaves as 
black spots : Calosphieria, which forms its long slender perithecia in gronpa 
on the wood and bark of cherry-trees; Pleospora and Fumago, of which the 
myceliom and conidia eonstitute the black film known aa Smut, which occurs 
on various parts of plants. 

In the compound forms, those, that is, which have a stroma, the stroma 
forms wart; iucmetations or patches of irregular outline, which have a punc- 
tuated appearance owing to the numerous openings of the perithecia; Dialrype 
diiei/ormii, which forms black warts as large aa peas, belongs to this group, 
it ia very common on dead boughs ; also Kectria cinnabarina, which has a 
bright red stroma, and occurs on many kinds of dead wood ; Nectria dititiima 
causes a disease on the branches of Beeoh-trces. In other cases the stroma 
developea into an upright club-shaped or branched tufted body, like the stromata 
of Xyiaria, for instance, which occur very frequently on the trunks of trees ; 
the conidia often appear aa a mealy dust on the upper portion. Clavicepi 
jiurjnirea, known as Ergot, or officinally aa Secale comutum, also belongs here. 
The mycelium of thi3 fungus covers the young ovaries of the Bye or other 
cereals which it attacks, and bears conidia which are imbedded in a mualaginoQa 
■ubiUnce, forming what is known as Uoncy-dew, Dy means of these, other 
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plants may become infected. In course of time the fimgus pervadea the wbola 
(iaaue of the ovary, and aftoi it has destrofiid it, it forms a bard mass of tissue 
a( about 1-2 centimetres in length and of a dork violet hue, the iclerotium, 
wbiob is known as Ergot. Thio aclerotimn, after it has fallen to tJie ground, 
gives rise io tbe following year to a few stcomata. nhich resemble little knobs 
borne on stalks (Fig. 03 A) ; and the pedthecia, which are veiy Bumeroua, are 
imbedded in the tissue at tbe surfiLCe (Fig. 93 B, cp). Tbe ascospores which are 
developed in these Und tbeir wa; to joung Bye plants, and their mjoelium, 
penetrating through the leaf-sheaths, extends to the flower, where again the 
HoDey.dew is toimed. The various species of Cord^ceps infect the hum of 



(d) The Discomycetes differ from the preceding only in that the 
2,^ 




FiE>. fl!.-CIan[tpipur)>ur<a. A A 8«tarot!Dm (c) (n I) be&nng Bcromaca (cl). B Beetioa 
of a HOomat ep tlis [wrltheciB. C A peritheoiTim mors bLghtj magiufiDd. D Aa adciu 
raptured, Che eloDgaMd spares {wp) are etcaping. (Ssehs.) 

hymenium covers the surface of the discoid or cap-shaped fmctili- 
cation which is an apothecium (Fig. 93 ft). 

1. The Pliacidiaeea grow upon various parts of plants, 
black fmcti&cation ia closely attached, BhytUma Acrri. 
form of round dark spota on the leaves of the Maple 
probably parasitic, but the development of the fruotific 
place until after tbe leaves have fallen. ~' 



twruuejui 



I which the small 
m appears in the 
The mycelium is 
ion does not take 
Lse with ByiteriiM 
>, which inhabits the leaves of the Silver Fir, with H. maeroip^mm, 
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r -wliicJi inhabits those of the Sprnce, uid vith B. Pinattri, which inhabita those 
of the Pine. They caaae the leaves to tnm hrown and to fall att. The apothecia 
are somewhat eloogateil, and caase the Tuptuce of the ej 

2. The Fezizac/a have fleahy or 
wax; cnp-shaped apotheria. They 
(;row opon different anhstiata, Asco- 
bolDH upon dung, some epecies of 
Feziza apon earth, others upon pajta 
□I plants (P. JFillkomnti causes the 
BO-called cancer oF the stems of the 
Larch), Balgaria, with a gelatinoas 
orbicular froctifleation, npon dead 
branches. 

3. The BelvfJIaetis have nsnally 
olnh-shaped apothecia, the smooth or 

Tetieulate snrface of which is covered by the hjntenium. To this groap be- 
long the (esaulent) species of the geans Uorchella, the Morell, Helvetia, etc. 

The Licliena were formerly regarded as a distinct class ; bat 
recent inveBtigations have ahown that they are Aacomycetes be- 
lon^ng to the Pyrenomy- 
cetes and Discomycetes 
which arc parasitic on 

LAlgffl. These Algse are 

Bmclosed in the thiUliis of 

I the Lichen, and were for- 
merly termed gonidin (Fig. 
94 g). The gonidia are 
either solitary Rpherical 
green cells belonging to 
the Palmellaceie (Algte), 
or tbey are cellnlar fila- 
ments: IE they are of a 
red colour they belong to 
the genns Chroolepns, if 
of El blniuh-green they be- 
long to the genna Nostoo 
cr to some other genna 
of the PhycochromaoeiB. 

They may be either Fib. si.— TrBnaverao Motion 

imgolnrly di.lritated 2^;Tjfl.lT'.°.«™" 

thrOngbont the thallus, mednllarj laj-eri agonldifti 

when it ia said to be l'Ki^i<^^')-"a^«-'^^'^'^ 
komoiomerout ; or they may be arranged in definite layers 




0( [llB thKllDB ol SKcta 

il hjphiii forming tbe 
V Toryt-litv DutgrovrthB 
. (AtlerBaohL) 
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mycelium, when the thallus is said to be heteromerous (Fig. 94). The 
organs of reproduction belong entirely to the Fungus, and the carpo- 
spores are produced in asci. The asci in some cases are contained 
in apothecia (in the Discomycetes) ; in others they are enclosed iu 
perithecia (Pyrenomycetes) (Gymnocarpous and Anglocarpous 
Lichens). In these, as in other Ascomycetes, speiTnogonia occur: 
in the Lichens they are receptacles, probably to be regarded as male 
organs, in which spermatia are formed by abstriction. The female 
organ, which is termed a carpogonium, is a hypha which forms two 
or more coils of short cells in the thallus, and then proceeds straight 
to the surface, beyond wliich the terminal cell projects ; the coiled 
part is termed the ascogonium, the straight part is termed the tri- 
chogyne. It resembles the female organ of the FlorideaB in that it 
is multicellular, and the same term is made use of in the two cases. 
The spermatia are brought by means of water into contact with the 
trichogyne, and the contents of one or more spermatia pass into it. 
The result of this fertilisation is the development of an apothecium, 
the asci of which are alone developed from the ascogonium, whereas 
the rest of the apothecium is formed by a special development of 
other hyphsB lying around it. The trichogyne takes no part in the 

J, formation of the fructifica- 



tion. Lichens are also repro- 
duced by means of soredia : 
these are small groups of 
gonidia invested by hyphas, 
which are set free from the 
thallus and grow into a new 
individual (Fig. 96). 

Lichens grow on trees^ 

Fie. W.—A-B Soredia of ITwiw borbata. A A rocks, walls, and on the 
simple soredium, oonsiBtixig of a gonidium covered ^ -^ 

with a web of hyph». B A soredium. in which the ®art^ amongst Mosses : they 

gonidium has mnltipHed by division. C A groap of may become completely 

simple soredia, resulting from the penetration of ^ • « . . i . •■ 

the hyph» between the gonidia. D. B Germinating ^^^ ^P ^thout liavmg 

soredia; the hjphas are forming an apex of growth, their vitality destroyed. 

.nd the gonidia are multiplying. (After Sachs.) According to the form 

and texture of the thallus, Lichens may be arranged in the four 
following groups. 

(a) Fruticose Lichens, The thallus grows erect in a shmb-like 
manner: its internal st):ucture is the same in all parts; that is^ 
there is no distinction of an upper and an under surface : the 
gonidial layer usually forms a hollow cylinder. 
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To thi* group belong the TarEoas epeoies ot Usnea (Fig. 96 A), and allied 
genarB irith & cyliadricaJ thallua. which grow on trees. Soccella (inetoria 
grows on rocks in regions bordering oa the Mediterranean ; from it and other 
fiUied Licbena litmus ie prepared. RamaJina and Evemia, with a ribbon-ahaped 
Battened thallDS, occur on treea and wooden fences ; Cetraria islandica is tbe 
Icel&nd Moss, which forma a mucilaginona Said when boiled with water. 
Anaptychia cUiarU, which reaembles the foliaceous Lichens, with a flattened 
thallns, 19 common on the trun^a of trees. Cladonia has a scalj decumben 
IholluB, from which erect branches spriog bearing the apothecia: Cladoivit 




r JlnbHata is common ; Cladrmia rangiftHva, the Bern-deer Mobs, ooanrB on 
rs: Sphsropbonu has the same eitemal appearance, bnt it ia pjreno- 



(h) FolUueimM Lidieng, The tLallna is flattened and adheres tc 
the Bnbatratum ; the green (rarely bluieh-green) gonidia form a 
(ungle layer beneath the upper surface (Fig. 94). The margin of 
the thailns is nsiially lobed. 

Parmtlia parietina oocnrs. with its blight yellow thallua, bearing apotbecia. on 

tree-ttnnks and walls, together with other apeoiea of a grey colour. SHcta pal- 

(Fig. 9fl S}, baa ■ reticulated yellowish thallua. and growg on tree- 

tmnks. Peltigera is represented b; several species which grow on mossy bankn 

[Jn woods: the apotbeeia are borne on the margin of the lobes of the thailns. 



^^1 tnmka. I 
^^^■Jn woods: 
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Umliilisaria and Oyro])hor&. of a dark colour, grow OD silidoas roaks. Endo- 
carpon has a grey Ihallas with numeronB Bmall pcritheciB, tLicIi appear aa black 
dots: it grows on to«ka. 

(c) Grjisfnermii "Liekent. The thallns is iisiially indefinitB in 
oatline, and can. often be scarcely distingnished from the anb- 
stratnm, the fructification alono being conapicnons, 



ThB 



Bpecjea aod genera are olaasiSed aocording to the Ate and form 




;e of the fructifioation. 

{a) Dueocarpi the apotheoinm ia 
Eorronnded by an outgrowth of the 
tliBlliia and m the Lecacores it ia 
at first entire]? enclosed b; it, e.g., 
Leeanora iubfiii<:a oommon on the 
tmnlu of trees in the Leeideaceie it 
IB Bnrronnded by a ndge, bat ia never 
encloaed ; to this group belong the 
eommon Buellia paTasimii, oearariDg 
on tree-trnnka. Rhiioearpon geogra- 
phienm, which forms bright yellow 

tent on ailicions rooka. The apo- 
thecia are irregular, sometimeH linear 
in form (Fig. 97 A B) among the 
Orapliideio, the gonidia of which are 
the red celle of Chroolepua : Oraphii 
fcripta Is oommon on the ImnkB of 
Seechea. The amall Calicieie, whicii 
are eommon on bark, on wooden 
1 fi fences, etc. have stalked apothecia, 
s also the Beomyceo (nithout any 
ridge) : Baomyers meui ia commoa 
n sandy soil. 

(6) Pyrfnoearpi. The perithecia are imbedded in outgrowths ot Ihethallag, 
either aingly or several together, as (Fig. 97 C) in FHtusaria : the; project Irom 
the thallus, and are provided with a special black iuvestmeal in the VermoarieiB. 
Many species of crustaoeons Lichens inhabit the highest peaks of the Alps, on 
which no othec vegetation ia to be seen, and they oontribute materially to the 
weathering of the rocks. When they grow on the trunks of trees, they i 
mors especiall; upon those which have a smooth surface: the fomxation of 
bark interferes with their growth. 

(d") Homoiomercnts LicJiens. The gonidia belong to the Phyoo- 
chromacete : the thallna is nsually lobed, of a dark colour, more or 
less gelatinona, sometimes filamentous. 



FiGr ft?- — CmsFacflnTm Lic>ieQH. A 
Orapbia ila^oiu. B Bligbtly magniSEd. 
tMarin WvifBtti, slightly mftgnified. 
Sscbs) 



(Altar 



I 



The latter is the a 



i, whidb aonueta essentially of a filamentous 
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10. The UsTiLAGiNEj; are parasitic in 
tJie tifisaes of the higher planta. Their 
aporea are formed from the protopJaBinic 
contents of cells of the hyphie, the wal!a ' 
of which become mncilaginons, and are 
nsnally of a blact colonr. These cells 
oocnr in great nnmbera in those parts of 
the host, nsnally the reprodnctive organs, na. oa-A geiaiinon* Lichen, 
which are permeated by the mycelinm. Coi'n™ puipMHm. slightly mag- 
Several species infest onr Cereals, and 

the seeds become filled with spores. The spores germinate at the 
same time as the Bound seeds, prodncing a promycelinm -which 
bears small cells, tporidia; when these germinate their mycelinm 
penetrates the yonng plants and extends into the flowers, where 
a fresh formation of spores takes place. 

The most importuit and the most common species are Uitilago Carbo, irhJch 
BBpscially attackB OatB, but other Cereals and Graaaes aa well: U, Maidie, 
which prodaceB large tamonis in the Maize, filled with epores; Vrocyttii 
oeenlta, which fmctifies in the leayes and, haolms of the Bye : Tilletia carici, 
the amut ot Wheat; this ia dangerons because the sraina filled with Bpori?B 
remain closed, Bad are therefore baivested with the Bound ones. Many other 
ipecies Bad genera iofest wild plaota. 

11. The Uredises, or Ettsts, are also paraaitea : their mycelinm 
inhabits the cells of varions kinds of plants and nsnally bears 
eeveral kinds of reprodnctive cells. In moat of them small fmcti- 
fi cations, termed mcidia, are borne by the mycelinm, formed 
probably in consequence of the fertilisation of female organs by 
spermatia (Fig. 99 I. a and A'). They project from the surface of 
the infested plant as small cups ; tho interior is covered towards 
the base by a layer of basidia, on each of which there is a row of 
(Bcidiotporee, generally of a red eolonr, which have been formed by 
abstriction: the investment of the fmotification is formed by the 
peripheral rows of tecidio spores, which are sterile and which have 
become coherent. Besides these secidia, and generally associated 
with them, are found tbo spermogonia (Fig. 99 I sp) in which the 
apermatia are developed ; in addition to these — but generally at a 
different season of the year — -two other forms of reprodnctive cells 

E which are abstricted from their basidia singly and not in 
and the basidia bearing them do not form a definite hymeniat 
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layer, but irregular groups, ■which break throngh the epittermis of J 
the host. These cells, which correspond to the conidia at other Fungi, 
are, firstly, the uredospores, or " snininer- spores " (formerly regarded I 
as a distinct genus and called Uredo (Fig. 99 HI ur) ; they are 
always ooe-celled, nsaally of a red colour, and they germinate 
without any period of qnioscence, by the protrusion of an ordinBry , 
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mycelial hypha: by means of these the parasite is conveyed to J 
other indiTidnala, on which iu a few daya it produces fresh uredo- I 
aporea. Secoudly, there are the teleutosporeg, or " wiater-Bpores,"-* 
which are mostly black and often many-celled (Pig. 99 I/Jt and i2);r 
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they are formed in many species only in the antumn, and persist 
during the winter, germinating subsequently in a peculiar manner. 
The hypha produced from the spore, the promyeelbim, divides into 
four cells, from each of which a minnte cell, called a sporidiwn, is 
abstriuted, which Snds ita way to a host. Theae Tarions forma of 
rejiroductive cells usually alternate ; thus the mycelium developed 
Irom the (Bcidiospores produces uredospores, and the mycelium 
that proceeds from these (often after several uredospore-bearing 
g-enerationa have intervened) produces teleutosporea ; from these 
sporidia are developed, which, when they germinate, give rise to a 
mycelium producing tecidia. In many species hetereEcism takes 
place J that is, that this variety of form of the reproductive cells is 
connected with a change of hosts. All species, however, have not 
HO great a variety of spore-forms. Some UredineoB are known in 
which the tecidiospores produce tecidia, and others in which the 
teleutospores pioduce a niycelium bearing teleutosporea. In other 
eaBes there are grounds for assuming that their life-hiatory ia at 
present but imperfectly known. They fall into the following 
natural subdivisions : 

(a) Faecinit't. Tie teleatosporcB are one or mora-ceUed on Bolitary free 
stalks; ccidia and DredospareB are also cammon]; foand. To the genua Pne- 
cinia, with a two-celled teletlloBpore, belongs Puccinia graminit (Fig. 99), tlia 
Bast of Wlieat ; tbe oredoaporea (formerlj called JJredo linearii) form red 
atreaha on tlie leaves and haulms of cereala and grasses ; in llie aalnmn the 
teleutospores appear in similar atreais, bnt they are black ; these germinate ia 
the lollaidng spring eiclnaivei; on the leaves of Berberis where the lecidia 
appeal in red swoUen patches (formerly known aa ^cidijim Berberidii) ; tha 
s^didiospores are conveyed to Grasses, and there give rise to a mjoelium with 
uredospores. the Bust. The aame processes take place in F. ilraminii, the 
Eecidia of nLioh are formed on Borages ; and P. coronata, the cscidia of which 
are termed on Bbamnna. Theaa three forms of Bnst cannot grow on Grasses 
unleas tlieir aicidia have been previonBly produced ia the spring ; hence their 
appearance depeoda on the preaeace of plants which ara suitable for the develop- 
ment of the EBcidia. Of F. Malvacfarutn, onl; the tult^utosporea are known ; tbey 
are conatantly reproduosd from tha mjceliom which they form, so that no 
alternation oeeora. P. Compoiiiamm has all theae differeot kinds of spores, and 
prodaees them on the same hoat. Uromycea differa from Puccinia only in having 
one-ceUed telentoepoiea ; U. Beta is the Bust which grows on the Beetroot : — to 
this gsDUB the eoidium may probably be referred which ia formed in the leaves 
Vt evphorbia Cypariiiiai (probably to U. Piii, the mst of the Papilionaoe», or 
to V. leutellatju, tbat o[ the Euphorbiffi), and caaaee a oonapiououa enlargement 
of tbem. The ocidium -mycelium is perennial in the rhizome of the Spurge. 
Fbragmidinm. with many-celled teleatosporea, is common on the leaves of the 
Boae. Blackberry, and others. 

(I>) Qi/mrtoipij-.nnftea. The teleutospores are two-celled, on stalks which are 
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united into a gelatinous mass ; the myoeliam which bears them is perennial in 
the branches of some Conifers, particularly the species of Joniper ; telentospores 
are formed in the spring and germinate on the leaves of Pomacee, on which the 
large sBcidia, which open in a peculiar manner, are found in summer. OymnO' 
sporangium fuseum occurs on Junipenu Sahina, the lecidia (known as Routelia 
cancellata) on the leaves of Pears : G, elavari€8forme on Junipenu communii^ 
the iBcidia {Routelia laeerata and penieillata) on the leaves of Apples and Haw- 
thorns : G. eonieum also on J. eommtmif , and the ecidia (i2. eomuta) on the 
Mountain Ash. 

(c) Melampiorea, The telentospores are many-celled, and are united together 
into a firm palisade-like layer ; the lecidia are for the most part unknown, but 
the uredospores of many forms have been found. Melampsora has black layers 
of telentospores ; M. talieina, populinit Ltni, attack the plants whose names 
th^ bear. Calyptospora Qdppertiana occasions conspicuous swellings on the 
stems of Vacdnium Viti$ Idaa. Chrytomyxa Ahietit, with gold-coloured 
telentospores, appears at the end of April on the second year's leaves of Spruces, 
and, as they germinate, they infect the young leaves. Goleosporium, likewise 
with gold-coloured telentospores, grows on many herbaceous plants, ^eidium 
Pini forms a perennial mycelium in the leaves and bark of Pine-trees, and bears 
in the spring its lecidia, which have a white investment ; it belongs to Coleo» 
tporium Seneeionit^ a common species, which bears uredospores in the srmmier 
and telentospores in the autunm on Senedo sylvatietu. The innoculation of 
Pines can only be effected by means of the telentospores formed on Senecio. 

(d) The EndophyUea bear only secidia which reproduce themselves without 
the intervention of any other form of spore. Endophyllum Sempervivi grows on 
the leaves of the House-leek. 

(e) Imperfectly 'known JEcidia^ which do not directly reproduce themselves, and 
must therefore possess telentospores : the relations of these are not as yet 
known. To these belong jEcidium elatinum, which inhabits the cortex of the 
Silver Fir, and causes large crab-Uke excrescences, as well as the monstrous 
growth of twigs, known as "Witches-brooms,** on the leaves of which the 
oBcidia appear JEe. Abietinum occurs on the leaves of the Spruce in mountain- 
ous districts. JEc, ttrobilinum, on the scales of Spruce-cones. GsBoma is also 
regarded as an SBcidinm ; the hymenial layer is not enclosed by any investment. 
C pinitorquum grows on the branches of young Pines, often on one side only, 
80 that they become bent. 

12. Basidiomtcetes. To this group belong most of the larger 
Fungi commonly known as Mushrooms and Toadstools. The 
mycelinm consists of delicate white strands of hyphaB, wHch. per-.- 
vade the snbstratnm npon which it grows, and the part which is 
usually recognised as the Fungus is the fructification, that is, the 
organ which, produces the conidia. It was formerly thought that 
this fructification was formed, as in the Ascomycetes, as the result 
of a process of fertilisation taking place in the mycelium ; but most 
careful investigation has failed to detect any trace of a sexual 
Brocess; the fructification is simply formed by the outgrowth of 
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1 view of t£e high organixatlon 
reasonably assumed that sexaalitj has 




certain parts of the myceli 
of these Fnngi, it may be 
here gradnally disappeared. 

The conidia are formed 
sidia, which together 
form the byiaeniam; 
the basidinm (Fig. 100 
C) uHnally bears at 
its Btmuxiit four small, 
slender sterigmata, 
from each of whieh 
a conidiom ta ab- 
Btricted. 

(a) The TremelV- 
nea, or gelatinous 
Fungi, have basidia 
resembling in form 
the promyoelinm of 
the UredineiB. The 
fructification is eoft 
and mucilaginous ; its 
surface is covered by 
the hymeoium which, 
at the time of the 
formation of the con- 
idia, looks as though 
powdered with wliito 

Tremetla nuitnttrica, 
with iiregularly luTTowed 
fnlotifieatioD : Exidia Au- 
ricula JuHa, ■ spongy tia. lOO— Jjarfci 

Fongns growing on tbs Oia pilam, Bhowing tbe laroallw, l. B A almili 

Elder with , browniBh ' l™"!)* more lilghljmBKnifledj Jiv lis hjmi 

, .-1 ,- , . CBnlrsl liune called the Tmma. C A portion ui uisbbiob 

£ract.fictttion somewhat ^^^^ ^^^ y^j,;^ m«gniflri (- 660), , ymiog b-ldi- 

reBembling the aheU of an ^^ pan.p\,ytea ; ■" the Bret formatiun of eonidla on > bui- 

eu, and others, us not dium ; ^ more advuiced tSasei ; at •"" Ihe coaidia bava 

tare on rottenwood. (alien off, (After Haclu,) 



(6) Hj/menoniyceiet. The Btmetnre of the basidia is similar to 
that above described; the &actification bears the hymenium on itn 
upper surface, which is very variona in form ; the very ninnerona 
forms are accordingly subdivided into : 



14S 



PART I 



r or puimi. 



1. TJultfhtyrta ; thg lorlaoe bewing tba hymeiutm te «Bbtiided one tlw 
Bubstratam as « arnat, or el«e tormi the onooUi nndei-Borioee of afcljitihrrinl 
fiuatilloation. The iimplert form li Bxobaiidmm Vaeciaii, vliioli ia paiMiHft 
on the leaTSB of ths Bed Whortleberry, and ver; eommonty ooTen them with a 
whitlth cmtt. Conidom loimt erasti on the bttrk of trees ; Steremn has * 
bat-shaped fnietifloBtion whioh, when eeen Irom above, bean some mwmblaiMe 
to Tuioos speoifls ol PolTponis, bnt It baa a emootb hjmenial nofaoe ; it is 
oommon on trnolu of treee, palings, eta. 

3. Clavarita. The h;mei]ium dothss the imooth siufaee of the tmottflea- 
tion, which is ojUndrioal, oi olab-ihaped, aad often branobed. The genna 
Clavaria bas many epeeies ; C. flava bss a Bolpbor-jellaw, aoTol-like fmctiilM- 
(ion whioh is edible (Fig. 101 A). 




Pio-lOl-— jI Branch oI Clmariafima (naLilH). B FracliacatlODOf Hv^numlFii&riaiihim; 
•tpiloklcai • HiJesot tbe npper ■orhcs (tuat. ciia). LongltadlnBl seoCion Cbtoosh tlia 
f rocufioitloa of a Folrponu i p Uia tobai olothed vilh the hymenlnm t the tnbea shew cm 
the nudar ■nrface u porea (I nat alia). 

8. Eydnea. Ths bTmemnm eorsn priekly projeetions of the fmotifloatioD, 
which is either a omat or is bat-abaped, and is either attAobed laterally or 
atalked. Hydmm imMcatum is eatable : other species hare a fleahj pUeni 
with a oentral stipe (Fig. 101 3), 

i. Poljfporea. The bymeninm clotbes tbe inner anrfaoe of tnbea, wbidt are 
either tree or, more often, oonnected into a Ujer wbioh ooTers a portion of the . 
tmijtification. Tbe froctiflcation of Polyporus and Tramatea la generallj 
attached laterally, and often of a borse-sboe shape (Fig. 101 C). P. ftrnimtarivi 
is used in the preparation of what ia known in England aa Oerman tinder 1 
Pi qfficitialit is need in medicine as Fungut Laricit ; tbe myoelinm of Trawuta 
Pint attacha the heart-wood of Finea and makes them deoay ) T. radieiperia 
ucouTB in tbe roots and lower part of tbe tmok of Spmoes and Pines, canaiiig 
their deatraetion. Dsdalea ocours on old oaks ; its tubes anastomose and form 
a labyrinth. Tbe myoelinm of Memliut laerimaTti penetrates the timbara ol 
honetf and canses them to decay (Dry Hot). Boletua baa a fleshy stalked pilous, 
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rtom which tbo taytneni&l layer may be eaail; eepaxated. BoUtnt tdulii and 
if.abtT Kre edibU ; B. Salanai and others are poisoDoai. 

S. Agarieina. The hymcniiiia ctotbeB special lamelliform OQtgrowtbB of tha 
tractificatioD, which commonly Bssumea the form of a stalked or KBsile pileus. 
The stalked forma are either naked from the first, or they are enclosed at an 
early ita^e in so iaveatmeat which remBina alter the toll development o( the 
troctiScstion u an appendage at one lorm or anothei. An ioTeatmeot which 
at fint Enrronnilii the whole pitena and stipe, and, at matuiity , sanounda the 
base ot the atipe lilce a 
eheatb, as in Amanita, ia 
called a velum vniveriaU 
(Fig. 102 ABv): wbUe a 
velum pariiaU only covers 
Uie midor snrface of the 
pileos where the lamelliB are 
borue, and when this ia 
lolly developed it if repr«- 
aented only by foagmenta 
hanging from the margin ot 
tonnlng a ring ronnd tbe 
stipe (Fig. 103 O a), t.g.. 
Agarieiu eampctlrii and 
ptneenu : in the Fly-toad- 
stool, Amanita, muicarfu., J'":^-* "^" **«• ^ *"" "•"'"P'f"" "' "« 
Lolh londe of yelum are ^Ib, .tthe.upe, nthepUeu.; UbelBMilB. flA»n* 
present together. Besides wbat later Mase; v tbs raptured velum. Aiaricui 
these conspioBODa characters tntUevM i m the mrcaUimi ; a tha ring [ormBd b; tbs vilais 
the colour o( the conidia ia I*"i»'« Ct nal. liis). 

also o[ iEnpoTtancc for diatingDiahing tbe speeiea ; this ia easily diacoveied b; 
laying the fractification on white or black paper, which becomes eovered with 
the ooniilia which fall ont very readily. 

The grtiat genus Agaricas (tbe lamellatod Fangi) has lately been snbdivided 
lutu several genera. In Coprinus the Iractiflealion very soon ondergoea dia- 
inlegralion, fonniug a block shiny fluid ; Laotarias contains milky juice (latex). 
In Cantbarelloi the lamells are prolonged down the etipe. 01 edible speoiM 
the toUdwing may be named: Cantkartliiu cibariui, Laelariui dilieio'oi, 
Agaricui lampiitrU, the Mashroom, A. procerui, dielingalBhed by a moveable 
ring, and A. Caiarcut : tbe poisonous specie* are Lactariiu torialnoiat and 
AgarUui or ^munila maicartut. A. intlUta baa a peculiar mycctiam, matted 
into strong sbimog block oords, foinieily regarded aa the genna Rhizomorpha, 
which Uvea in the bark of tre^a and kills young Conifers, particularly Spruoel 
and Fine* ; it gives 00 aubtarroaean branches wliicb attack tbe roots. 

The (ractifioaiiDn of other apeciea is of a bard leathery or woody ooaaistency ; 
Itieae live commonly on old wood ; such are Panua, with a small pileus 
moimted on an eccentric stipe; Lenzites, where the pileoa ia lateral and aeaaile; 
Maiasmina, the elegant [ulei ol which ate often seen on the leaves of Conifer* 

rlenoS. 
: 



I (e) Qailromyeetei. Ia these, as tbo m 



soggestfi, tlie hytaeatain 
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is enclosed within the fructification, the internal tissue of which 
forms numerous cavities or chambers, the dividing walls being 
known as the trama; the hjmenium clothes these cavities, being 
attached to the trama. When the fructification is ripe, great 
changes commonly take place in this internal tissue, which have as 
their object the dispersion of the conidia ; the external wall Q^eri- 
dium) usually consists of two layers. This group is subdivided as 
follows, according to the modifications undergone by the iacemal 
tissue and the character of the peridium. 

(a) The Hymenogaatrea^ in which the chambers and hymenium are persistent ; 
these are tmffle-like andergroand Fungi. 

(6) Lycoperdaeea (Poff-balls) ; only a few strong threads of the internal trama 
remain, forming the eapilUtium, with the isolated conidia between them. In 
Lyooperdon the outer peridium scales off, the inner splits open at the top, and 
the conidia escape as a doud of dust. In Oeaster the outer peridium splits in 
a star-shaped manner and rolls back ; the inner opens by a hole at the summit. 

(e) The NidtUariea have a Tase-shaped fructification within which the 
chambers become isolated, forming small hard bodies. Crucibulum and 
Cyathus are not rare on rotten wood. 

(d) The Phalloidea, The peridium consists of three layers, and after they 
are ruptured the whole internal tissue is devated on a stalk and becomes an 
ill-smelling mucilaginous mass containing the conidia. Phallus impudieue is 
poisonous and occurs among brushwood. 



GROUP II. 

MUSCINEJS. 



In this group we find a sharply defined alternation of generations 
which, in certain points, agrees with that of the following group; 
a sexual generation — ^that is, one which produces sexual organs — 
alternates with an asexual generation, which produces only spores. 
The germinating spore gives rise to the sexual generation (the 
oophore), the Moss-plant, in some cases directly, but in m.ost cases 
after the formation of a filamentous growth, the proionema. In the 
lower forms this generation is a thallus, but in the higher it consists 
of stem and leaves, and is capable of repeatedly developing sexual 
organs. From each oosphere an individual of the asexual generation 
(the sporophore) is developed, which continues to be superficiallj 
connected with the original Moss-plant, and assumes the form of a 
stalked capsule which is commonly known as the fruit of the Moss; 
this body forms spores, without any ramification or repetition, and 
its vital activity ceases with the ripening of the spores. 
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i^ce HoBses have a dietmct stem and leaves, but no trae roots 
lUT rascnlar tissae, thej take the lowest rank among the Cormo- 

The male oi-gans, as in all (he liigher — 

Oiyptogams, are called Atitheridia, the 
fsnale, Arehegmtia. 

The cmtheridia are spherical, orate, or ( 

□lub-ehaped bodiee, with long or short „ 
BtaltB (Fig. 103) J the external layer of 
cells forms the waU, while in each of the 
internal cells, which are small fmd very 
tmmerons, an antherozoid ia developed. 
The wall mptmres at its apex when it is 
moistened, and the mother-cells of the an- 
therozoids are set £ree ; they snbseqnently 
discharge their contents. The anthero- 
Eoids (Fig' 103 e) are spirally-wonnd fila- 
ments thickened posterictrlj ; the anterior 
end is famished with two delicate cilia 
by which they move in the water nsnally 
Tireseut in the capillary spaces between 
the leaves of Mosses. 

The archegimia (Fig. 104) are flask 
shaped bodies, dilated at the base and ter 
minating upwards in a long neck. An rtc^ -^ i 
axial row of cells is contained in each ';^--A,'^'"^™!^t"'J!^ 
archegoninm ; the lowest cell, which is the gtrongiy mognuisd , b in the 
lanrest, is the oogphera, and the remainder ""■U'e^ee"; ''™ anthsroioid 

= ^ '^ of Pol jtrtchnm ( x 800). 

are canal-celU : the latter are diaintegrated 

shortly before fertilisation, so as to form a elimy mass ; the four 
uppermost cells of the neck, the stigmatic cells (m), separate, and 
the antherozoids pass through the opening into the canal and 
reach the oosphere, which becomes snrronnded by a membrane as 
a consequence of fertilisation. 

The sexual organs are often solitaiy, bnt are also frequently 
(M)llected into groups which sometimes consist exclusively of arche- 
gonia or of antheridia, bnt sometimes of both. These groups, 
known sometimes as Moss-flowers, are occasionally snrronnded by 
specif investments, the periclicEtium and the perigynium, consisting 
of modified leaves. The hair-like orga,ns which occur at the inser- 
tion of the sexual organs in these so-called flowers are the jjiaro- 




Fib. 103, — Fanartt l^^grmat- 
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physee. The second or spore- forming generation Caporophore), 
the gpoTogmimm, is immediately developed from the fertilised 
Oosphere. The base of the Bporogoninm penetrates more or 
into the tissue of the Moss-plant, and is oven nonrished hy it, ba6 
the cells of the two generations are not in oi^anio connection 







Ldnsitodiitat ecccion of U 
wnk tenailt plant ( x 100) : 
i leavQS. B An oroheganium (x ssc 
h veniTsl pcirtioDnith tbaonsphere; 
neck immoittb still DloFBdi ibe cells 
tbo aiiol roir en beglaolng to be eo 
rerted [nto mncllagB. C The part ce 
the month of the oaok of ■ (ertLKm 
orcbni^nninrn with dark red CfiU-wal 
(After SachB.) 



Fib. lOS.— PUnnria Si^mrtriM. A Origin K fl 
the gporogoninm (//) in the ventral portion ■ 
p,b) at the arotegonlum (tongitnaiiial 
X EDO). B C CiObrent farther et&ges of d*- J 
Teloprnflnt Qf tho sporogonlnm (/) and of 0wfl 
cnlyptra ((]>j & neok of 



with each other. The wall of the wchegoninm, within which tl 
development of the oospore into the Eiporc^oninni proceeds, con^fl 
tinues to grow for some time, and anrrounda the yonng sporogoniiun,* 
when it is called the calyjilra (Fig. 105 c h). At a later stage it if I 
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rnpturod in different ways according to the family to which the 
plant belongs, and the remains cling to the base or to the apes of 
the sporogoninm. 

The aporogoniom aasnmes, sooner or later, the form of a capsnle 
with a more or leaa elongated stalk (seta). Certain layers of tissne 
within the capsule give rise to the spores, by division of their cells 
into four. In the tme Mosses and in the Anthoceroteas, a central 
masB of tisBne is left which does not give rise to spores, and is 
called the eobimella. On the other hand, in many of the Liver- 
worts, some cells of the spore-forming tissne do not give rise to 
spores, but form the elaters, which are cells nsnally having a spiral 
thickening on their inner sarface. The spores are in many cases 
set free by the decay of the wall of the capsule, bnt in general the 




Jermtnadng apores ; w rool-hair ; • Biosp"rfl. B Pan 

I weeks Bflec germiaBtliiBi h a prucnmbeal primary 

« Bopts, ont of which BriBB the asoendlnK brancbeg wilb 

lear-beuing ailsiiltlirciot-1iBir(u). {A k ew, B about M.) 

capsnle splits open, either in segments from the apei to the base, 
or irregalorly, or the npper part of the capsule comes off like a lid 
(operculum) ; in most of the tme Mossee there is an operculnm 
which, from the first, is differently conatnioted to the rest of the 
cttpsnle. 

The spores are spherical or tetrahedral ; their cell-wall consists 
■ — as also in the following groups — of two layers: an enter and 
tougher one, the exospore, and an inner and more delicate one, the 
enduBpore, On germination, the onter layer splits open, and the 
cell, Bttrronnded by the endospore, grows and divides, a process 
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whicli in most cases leads to tlie formation of the protonema, whicli 
is either a network composed of filaments of cells containing chloro- 
phyll, or else a flat, green, cellular body. The rows of cells form- 
ing the protonema are lateral appendages, which are either limited 
(Fig. 106 B h) or nnlimited (Fig. 106 B h) ia their growth ; it is 
thns the simplest form of the Moss-plant. This is most conspicuous 
in the cases where it passes directly at its apex into a Moss-plant. 
More frequently this transition takes place by means of lateral buds 
(Fig. 106 B K) which arise at the base of a limited lateral branch. 

The branching of Mosses is never axillary; the lateral shoots 
usually arise by the side of or below the leaves. 

Many of the Mosses have organs for vegetative propagation, 
commonly known as hulhiU or gemmoe, and besides these special 
organs they are in the highest degree capable of vegetative multi- 
plication by simple branching and innovation ; indeed, the forms 
which are of most frequent and extensive occurrence, e.g.y Hyhco* 
mium trtquetrum, increase chiefly by these methods and rarely 
produce sporogonia. 

The group is naturally divided into two classes which are dis- 
tinguished principally by the following characters : — 

Class 111. HepaticcB (Liverworts), The capsules never open by 
the separation of a special operculum; they are either four- or 
two-valved, or they open irregularly by the rupture of the upper 
portion, or they do not open at all. In most of the orders elaters 
are found among the spores; a columella is present only in the 
AnthocerotesB ; the spores ripen whilst the capsule is still enclosed 
in the calyptra. The calyptra clings, after its rupture, to the base 
of the capsule : the plant of the first generation is a thallus, or a 
stem furnished with leaves, the leaves being formed of only a single 
layer of cells; the stem is always bilateral; the root-hairs are 
unicellular. 

Class IV. Mibsd {True Mosses) . The capsule usually opens by a 
distinct operculum; elaters are never present, but the columella 
always, at least in the early stages. The calyptra is usually 
ruptured by the capsule long before the spores are ripe, and is 
elevated upon it. The plant of the first generation is a stem 
furnished with leaves which not unfrequently have a midrib of 
several layers of cells ; the stem is not usually bilateral ; the root- 
liairs are multicellular. 
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Class HI.— HEPATICE (LIVERWORTS). 

The capsule usually splits into four valves; slaters with spiral 
Uiickemng are almost always present, but there is usually no columella ; 
the calyptra remains attached at the hose of the capsule, 

Tlie plant of the first generation, in some of the forms belonging 
to this class, is actually a leafless thallns ; in others it is a thalloid 
stem, furnished with small scale-like leaves ; others again have a 
stem bearing green leaves. The first two are said to hefrondose^ 
the last f otiose. The frondose species cling closely to the surface 
on which they grow, and are consequently bilateral, the two sides 
or surfaces differing considerably ; the cells of the upper surface 
contain much chlorophyll and are generally protected by a distinct 
epidermis, those of the under surface contain but little chlorophyll 
and alone give rise to root-hairs. The foliose forms also frequently 
creep over the substratum and exhibit various forms and arrange- 
ments of their leaves corresponding to their mode of life. In 
correlation with the bilateral structure which obtains Ihroughout 
the whole class, the leaves are of two kinds ; inferior leaves^ which 
are inserted upon the side of the stem which is m contact with the 
substratum, and which are imperfectly developed; these are the 
only leaves borne by the frondose Liverworts which have any : in 
addition to these leaves (called in the foliose forms amphigastria) 
the foliose liverworts have two rows of lateral leaves, which are 
inserted upon each side of the upper surface of the stem. 

This class includes four orders. 

Order 1. Ricciejb. 

The archegonia and antheridia stand isolated on the upper side 
of the thalloid stem. The capsule is spherical, usually sessile ; it 
contains no elaters, and does not rupture. 

Riecia Jluitans has a beautiful dichotomously-branohed stem, and R, natant 
a broad lobed stem ; they occur occasionally in water ; E. glauca and other 
species occur on fields. 

Order 2. ANTH0CER0TEia&. 

The thallus, which contains much chlorophyll and is irregularly 
branched, creeps on the ground. The archegonia are imbedded in 
the upper surface. The capsule is long and thin^ like a pod ; it 
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splits open from above into two long valves ; it contains a colomeOi 
and elaters which have no Bpiral bands. 

Antlioetroi lasii (Fig. lOT) and punctaCui are (onnl 
DD loum^ and aandf fielits and noodlond cleuingi; 
they are not common, bat wbeie tliey occuc tiiey gio* I 
in GonsiileiablB quantity. 




Order 



MinCHANTiEa;. 



The archogonia and antheridia are nsuaflya 
>• collected respectively into gronpH oa speciil'l 
upright;, nmbrella or hat-shaped branches! 
the receptacles (Fig. 108 A hu), of the thalloid stem: the stoia 1 
bears on its upper snrface niuneroiis large atomata, and on its Iowa I 
Bnrface two rows of scaly inferior leaves and a nnmber of root- J 
hairs. The capsnle contains elaters and opens irregularly, or bjM 
four valvea, or by the removal of its npper part. 
A 




Fid. lOB.— Portion o! a Btem ot VarcK. 
CBptacre (boarine ontbciidia). If ForCioa i 
( t apicDa ot ihe tno tarauotieB. <Aller Baohs.) 

JIfa7c/ian(ia polymorpka, wbich is veiy common on pallis, on walls, 
peat-cnttinga, boa a tbiok, oreeping, dicbotomoaslj-biancbed stem. Tlw 
antlieiidia are borne on the upper eide of mnbrella- shaped braualicB (Fie. ^^ 
A Au), and the aiobegonia on tb-e nnder eide of similar radiated leoeptaclau. 
Besidea these the stem produoea from ita nppci sm'fatw cop-ehapod veasete, 
oontaiuing gemmm (Fig. lOB B). Fegattlla conica is sumlatlj provided with 
eanical receptacle : in Iteboulia bemiipharica ii is aemi-globalar ; these plania 

Order 4. jDWOEEMiUMiEa. 



The capsnle splifs into fonr valvi 
Elaters are present. 



from the ajies downwards 
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(u) Anaerogynm. The arobegoiiia are not borne at the apox of 

e thallufi or Btem, but on ita npper surface ; they are HmrOTinded 

1 inTolacre formed by the stem or thalliis : they are osnallj 



lUcUgtria fuTcata ha£ a oarrov dicbalamonalj-branohed IhaUaB conBisting of 
B single Isyei o( cellB, nbich is traversed b; a midrib consiBticg of many layers ; 
il growH very oommonly on Ires-trunks, bnt it rarely fmctifiea. Pfllia epiphylla 
hue a broad thaUoa, cODSJBting ol neveral layers of cells; it is not nncommon 
by flpringg, on damp rooks, etc. Aneura pinguU and otber epeoies oeonr in 
E irnil a r looalities. Blaiia puiilla has a thalloid stem ; it grows on damp fields 
and by ditches. 

_ (6) Aerogi/ntB. The arcLegonia are sitnated at the apex of the 
■qtem or of cei'tain branches of it, and are Bnrroiinded b 
I that is, by leaves or part of leaves which 
form an investment. The stem does not 
nsually bear inferior leaves, bnt always two 
rows of lateral leaves ; these leaves are 
either bidentate at the apes, or bipartite, 
and sometimcH (Fmllania, Radnla) are com- 
pletely divided into two lobes. The inser- 
tion of the lateral leaves is at first trans- 
verse to the long axis of the etem, bnt it 
becomes modified by the nneqnal growth 
of the stem, so tbat the leaves come to be 
eitnated either on the lower (folia succuha) 
(Fig. 109), or on the njiper (folia iiimba) 
gnrface of the stem. 

Jangermannia bicuipidata and many otlier speciea p,g, loe. — aiam dC Plajto. 
are common on damp soil and on the trunks of trees, chilu a^^ioiib]. a a ripo 
ftaffioeAJIa aip(enijid« (Fig. 109) is not uncommon capsalo; h one that bt^ 
in moontaia Hooda. Sadula comptanala has a small "P*"^"; P PonanUL 
Btem, densely covered witb leaves, nbich creeps over tree-trunks and boughs ; it 
is very common. t'ruUania dilatata and Taniariici, vith small and elegantly- 
branobed stems at a brownish or purple cuiour, ulso grow on tniaks of ttees, or 
on the earth, in damp, shady places. 




t Class IV.— MtlSCI (TRUE MOSSES). 
jpsttle uruaily opens Ig the removal of a distiact opcrcahiT, 
are never present, the columella almai/a. The culi/ptra 
Mrried up by the cajigule. 
J 
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The M!oas-plant always consists of a stem furnished wUh leaves, 
■whict are all of the same Idnd ; its bnmches creep on the earth or 
else on trees, or they form dense plots. Bilateral stmctnre does 
not very often ocoor. 

The Class may be divided into fonr Orders : 

Order 1. Sphaq^acex (Bog-Mosses). 
The spherical capsnie contains a hemispherical colamella, and 

opens hy the removal of the upper portion of ita wall ; the calyptra 

remuns attached to the base. 

The only genns Sphagnum (Fig. 110) includes a nnmber of 

species, irhich all live in damp Troods, and more paiticnlarly on 
moors, forming extensive soft plots. The 
branches, vhich are densely covered with 
leaves, envelope the main stsnL : the leaves, as 
well as the cortex of the stem, contain lai^ 
cells filled with water, the walls of which are 
perforated; by capillary attraction wnter is 
conveyed through these open cells to the top- 
most pcnnt of the plant. The lower porti<ms c^ 
the quickly growing sterna die off and form 
peat. The ahortly-stalked capsnie (Fig. 110 
£) is raised by the elongatioa of the stem 
which beais the arch^oniom ; this mnch re- 
sembles the stalk of the capsule (aeta) in the 
true Mosses, but it is not of the same nature; 
[ it is called the jif^ufopodium. 




X UK), i Ckpsolao. 



Order i. Asdxxmacxx. 



The columella is columnar in form, free at the top. The <»psult 
splits into four valves, which remain connected at the base and 
apex. The calyptra is raised up as a cap npcm the capsule. 

The gesaa Andrcaa (III b) liras on loeka amcug 

t)i» Alps and other high moantains. Tbo dongated 

IS an ck>se(; eonsed with laavM. 



ria. 111.—* gfiimrnm » 



Order 3. Phiscaces. 

J^{^»'X^^^^7ZJ^ '"'* capsule does not open at all; the 
■iwb^siik (E) cB^Eie(DU. ci.ilnmella. in this order and in the ft^ow- 
''"-- in^. is cotmected with the wall of the aip- 

nl« above and bdow. The spores in Aw-bMiinii ^le fanned from 



» 



Pone of the cells of the columella: the oalyptra 
le Bporogonium. 
Fhaicum ciupidarimi, Ephemerum ieiratum (Fig. Ill a), and Archidivm 
pluiicoidii are imDiit« bfossea a lew millimetreB in height, growing in Gelds and 
lipeniug their capsules in the spring. 



Order i. Bbtiks. 



The columella is connected with the capsnie both at the top and 
It the bottom ; it is immediately snrroimded by the spore- forming 
le (Fig. 112 »); between this and the wall of the capsnie there 
large cavity filled with air (Fig. 112 h) traversed by filaments 
of cells containing chlorophyll. The capsule opens by the throwing 
off of an opercnlnm, which is from the first constmcted differently 
to the rest of the capBnle. Certain layers of cells of the internal 
tiBsne of this operculum remain in connection with the walls of the 





Fia. Hi— Fimaria hjvwuwWia. A A roonB laify plant (jX ttilh Ibe eaiyplra («), B A 
plwil 1(1 Willi IbB aesrtj rtpe •port.goolain : ■ iu to.; / ibe apaula; e tbe culyplrs. 
CLoD^tudioaltOfltldfi orthDcapdiile bluctiDg it Hymmelrical] j ; doperca^um; auuuUnAj 
p pertatDme j c € calumella % \ a£f .cBvlty ; ■ the prim&fy iiuither.celli of t^a iporcL 

capsule and constitute the peristome, which has a characteristic 
form in each different genns. In Tetraphis it consists of four hard 
teeth, for which the whole of the internal tisane of the opercnlnni 
is utilised ; in most genera there are 8, 16, 32, or even 64 teeth, 
formed by the thickened cell-walls, which are frequently arrMiged 
in two rows, one within the other (Pig. 113), and which originate 
from l»o different layers of cella. In only a few genera. «^, 



lU 
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GfnULOGtonLiua, are tiiej wholly wanting. The calyptra is elevated 
by ttie growth of the capsule and covers its apex like a cap; the 
capsule is generally elongated. 

The leaves, which consist of a single layer of cells, are traversed 
by a many-layered midrib in many species. 

Some of the genera bear the female flowers and, consequently, at 
a later stage the capanles also, on the apex of the main stems; 
others bear them on short lateral branches ; although this difference 
of positioD cannot be regarded as an important systematic distinc- 
tion, it may serve as an indication of allied forms. Thus t^e Bryime 
may be divided into : 

(a) ^croearp^ bearing the arohegoniaat the apex of the stem-, 
the capsnles, however, often appear as if 
they had been home upon lateral shoots, 
for lateral shoots develope later and dis- 
place the main stem to one side. 

Dkrantitt leopariitm, with uokle-ahaped le&vea, 
it oonunoQ in «oodt. I.«iico6ryuiii glaneum luu 
leBves eonsiBtiiig ol *everal layen of eella, irhiah 
Hwmble tfaoae of Spba^am in theii Btraatore ; it 
ooooTi in Fine-woods and on moors. Ctratadon 
purpiirtu$, with a red seta and % short item, 
is Tei7 common in vMioiu localities. Barbuta 
nurnlu grows in patches on Wklls and rooka ; 
the midrib of the leaves is prolonged into a 
hsar, so that the patches of Hoas look gnTiah. 
TetraphU ptUueida baa bright green leaTea; it 
grows on decsyed trM-tmnks, and bears genraue 
of peculiar form. Orimmia pubnnMa occurs in 
round greTiab-green patches ; the capsules hsTe 
Tei7 abort Bet«. OrtJkoirichum tpteionat and 
other speoiea have also shortLy-atalked c^«alea, 
Bod are eommon on trees. Funaria itggmmttriea 
(Fig. 112}haa an oUiqae, peai-abaped capenle ; the 
long Bet« have the peonliari^ of oonttaeting into 
a spiral on being vetted aod dried; it is oomniim 
on walls and paths. FolyMchvn fonumm (Fig. 
lU) and other species are the largest ol onr 
indigenous acrocarpous Moaaes ; the; have laige 
dark green leaves and long haiiy ealyptm, and are 
in woods and on heaths. 




Fio. 111.— Two ■tams oT Pole 
Irieliiiiii /nunm (dm. aisa). k 



{h) PUuroearpi. The archegonia, and sabseqnentJy the oapenlee, 
&re borne on special lateral branches. 
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FontittalU antipyntUa floats in water, liecktra eritpa, with &at ontapreading 
laftTBB, grows on rocks. TAuidtuin abietinuin and other apecies grow in woods ; 
the; have regular, piuDBtely branched stems, and very Hmatl, closely-set leaves. 
Leueodan leturoidei is very common on tree-tnuiks. Brachytkecium rutabulum 
ie common in woods. Eurhynchivm pralongaia, with long creeping Stems, 
oconrs in woods and damp gardens. Hypnum cupTeiiifurme is very common on 
tree-trnnlcB, and H. rruipidatum and giganieum in bogs and ditches. Hylo- 
eomitim Inguclruin is very commouly used for garlands ; this and R. tpUndtm, 
with remarkably regular romiQcation, are both common in woods. 



^ In ^ 
geaerat 



THE TASCULAB CRTPTOGAMg. 

In tiiis gronp also an alternation of a eexnal with an asexual 
rs ; but the relations between the two are exactly 
the reverse of those existing among the Mosses. In this group 
the plant which springs from the spore and prodacea the sesnal 
(the oophore) is small and short- lived, usuaDy perishing after 





r fertilisation baa taken place ; it is called the prothalliitm. The 
plant which grows from the fertilised oosphere (the sporophore) is 
furnished with a distinct stem and leaves, and it has closed fibro- 
vascular bundles and true roots ; it commonly persists for several 

I years and produces spores in regulai snccessioo, beiridea possessing 
Tarions means of vegetative multiplication, Theso morphological 
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and anatomical characteristics bring this gronp of plants into tin 
province of the Vateular Planit. Some of the orders which occn^ 
tiie highest place amon^ the Cryptogams exhibit in certain featnree 
a resemblance to the Gymnoepenns among the Phanerc^^ama; 
there is thns a gradual transition from the Ciyptcgama to the 
Phanerogams. 

The Frothallium (Fig. 115) is, in most of the orders, a thallDs 
which grows from, a epixe which it greatly exceeds in size, prodno* 
ing, besides root-hairs, antheridia and archegonia on certain parts 
(Fig. 115 an and ar). 

The antheridia (Fig. 116) either project from the snrfaGe as 
masees of tissae, which are hemispherical or somewhat cylindrical 




Tis. Iia.— QennlnMlBE miorMpora ot SiIa;M<na Uartnnl. Tb« portloB of tha tiana 
which lira Kbora tba duk oatUoa (d) 1b Cba pcoUiaUlaiii t n i* ui asfirllliHd uohegoaiam i 
■ •'embryos In two that bava been tbrUllted. Tbe cavlt; of Iba ipotB U flllsd wlcb ando- 
iparm. (Aflar SMbi.) 

in form, or they are snnk in the tisane of the prothaUinm. They 
consist of a wall, composed of a single layer of cells, and of the 
mother-cells of the aatherozoids : the antherozoid is a spirally 
wound filament bearing a nnmber of cilia at its anterior end (Fig. 
116 «). 
The archegonia (Fig. 117^ are in general constmcted like those 
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of the Mosses; that is to say, they consist of a ventral portion, 
wMch is imbedded in the snrronnding tissue and is coherent with 
ii^ and of a short neck throngh which two canal-cells, which subse- 
quently undergo disintegration, extend to the oosphere. 

Howeyer, the prothallia of some orders, such as the BhizocarpesB, 
Selaginellen, and Isoetesa, differ widely from this in their structure. 
These plants, namely, produce two kinds of spores, large spores 
called nujtero^oreSf and much smaller ones, microspores, and they 
are termed heteroaporotts on this account, in contrast to the 
isosporous orders in which the spores are all of one kind. 

The macro^ore produces a female prothallium (Fig. 118) which 
is developed in the spore itself, and only a small portion of it is 
exposed at the apex. On this exposed portion it bears one, or a 
small number of archegonia (Fig. 118 a). 

The microspore produces a merely rudimentary male prothallium, 
for the antherozoids are developed from it directly, or at any rate 
after it has undergone only a few divisions. 

The embryo developed from the fertilised oosphere grows directly 
into a plant which subsequently produces spores. 

The spores are formed in not very large numbers in the sporangia 
by the division into four of the internal cells ; and when two kinds 
of spores are present they are produced in distinct sporangia — macro- 
and rmeroapora/ngia. The sporangia are small in proportion to the 
ii^hole plants and are developed either from single cells of the epider- 
mis of the leaf, or from groups of cells, the external cells of each 
group forming the wall of the sporangium, the internal, the mother- 
cells of the spores. It is almost always evident that the sporangia 
are produced from the leaves ; it is only in a few instances that they 
originate in the axils of the leaves and appear to be formed from the 
stem. 

The group of Vascular Cryptogams is divided as follows : 
Class V. FilidnoB. The leaves are well developed in proportion 
to the stem, and bear the sporangia (which usually 
originate from a single cell) almost always collected 
into son on their margins or on their inferior surfaces ; 
the fertile leaves are not confbied to any particular 
region or branch of the stem. 
(a) Isosporous. 

Order 1. Fllices, 
(h) Heterosporous. 

Order 2. BJiizocarpem* 
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ClaM VL RqmUetimB, The Lesvos air» anall in proportiaiL totiitf 
9feeiii; tiiey are asraiiflrBci in- wiiariiv aoBl tfaaiB of tiie 



finnung' a spike afc tiie apex of tfas aEtem.; tlifff aie 
peltate, and bear die spooEangia an. tiieir under sap- 
\ JMt xM m The appnuigTa unijgiuafcB fieam jj^pmya o£ cdla^ 
They are iMxparmnL 
dam Vll. Lfmpndinm. The leaves are fiir tfaB mart part flcaall 
and feebly devoiaped ; the fiertzle leaves are fteqnflntlf 
ooiiected on a distincii purtujn of tiie rtem. The 
apcrangfa^ which are dervidaped &ain gfuuya o£ eelfa^ 
are almoet always aolitary in die azilB of die learea 
or close to die base of die leaves an its i^per aide. 
(a) laosporona. 

Order L Lffeopadiem, 
(h) HeterosporoTxs. 

Order i. Sdagindlam, The stem^ whidi grows 
gready in lengdM, hears namerana small 
leaves; die sporangia are sifcoatad in the axils 
cf die learee^ occanonally duj are atiadied 
to some extmt to the stem. 
Order 3. Loeteeg, The stem, which is short, 
hears long nnbranehed leaves; the sporangia 
are sitnated on the npper side ot the leaf. 



Class Y.—FILLCmM. 

The gpfrrangta are usually collected into tori oa ike edgn or under 
ntr/acee nf the leavei. The fertile leaves are not confined to a «pecui/ 
region of the stem. 

Order 1. Fiuges (FsKira). 

The spores are aU alihe^ OAid produce a large and independent 
proihallivmi. 

The prothallinm is almost always developed on the snrface of the 
Moil, and contains chlorophyll (Figs. 115 and 119). It stakes origin 
from the spore in the form of a cellular filament which, at a later 
stage, generally becomes a broad surface divided anteriorly so as to 
bo heart-shaped ; it consists of a single layer of cells, excepting at 
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tfmt part wliich beara the archegonia. TMb region ig aituated at 
, ti)B fore part of the heart-shaped prothallinm, behind the indentation 
(Fig. 115 ar). The antheridia are prodnced paxtly at the edge, 
and partly posteriorly among the root-haira 
(Fig. 115 a«), and project as hemispherical 
I masses of tissae. 

\ The stem is for the moat part a strong 
Tindergronnd horizontal or oblique rhizome ; 
tree-ferns with tall upright tmnks occur 
only in the tropics. The internoJes arc 
Bometimee elongated, so that the anrface 
of the stem is visible between the leaves 
which are some distance apart, e.g., Pteria 
aquilina (the common Bracken) and Pke- 
gopterU calcarea} bnt they may be also 
very short, so that the leaves form a close 
crown at the apex of the stem, while the 
older portion is closely crowded with the , 
remains of the leaves that have died off. ^"^ attmhea to It: i iis first 
The stems of the first kind iisnally branch ,001^. ^ root-hiire of tbe pro- 
Teryfroely, the branches arising in the axils ihaiUnni (aboot k s). (ifier 
of the leaves, as in Pkegopteria calcarea, or " 
dorsally to them, as in Plerii aquilina : the more leafy stems, on the 
contrary, branch less. The leaves are sometimes arranged in two 
rows, particnlarly when the stem is elongated (e.g., Fterii aquilina) ; 
and this pecnllarity is not [infrequently exhibited, that the two series 
of leaves approach eaoh other on the dorsal anrface of the stem, e.g., 
Polypodium vtdgare ; bnt they are aoraetimea arranged in a sniral, 
with a considerable angle of divergence. The blade of the leaf is 
nsnally ranch branched, and in ita early growth it i.^ curled spirally 
forward on itself into the shape of a crozier (circinate vernation). 
The hairs are often conspicnona by their size and breadth, and 
frequently completely envelope the young leaves and the growing 
part of the stem; they are called palem or ramenla. The roots 
spring nsnally from the leaf-stalks of those species the stem of 
which is very densely covered with leaves, e.jf.iWepftrodfwni JVii'i-maff,- 
tbey form a thick felt-like covering on the tmnka of tree-ferns, 
which sometimes exceeds the diameter of the atom itself in thick- 

IBS. 

The prodnction of spores is exclusively confined to the leaves, and 
takes pinoo without their undei^oing any important metatnor- 
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phosu. In many caaea the fertile leaves are hardly (o be dift- 
tingnishod from the barren ones, and irlierG a difference is perceptiblt^ 
it GOoBists almost only in this : that the fertile leaf — or portion at 
the leaf — derelopes little or no mesophyll. The fertile leaTee are 
never confined to a particolar region of the stem, Btill less to ai^ 
particular branch ; bnt the stem bears at first only barren leaves, 
and, aa it grows older, prodaces fertile leaves periodicallj, as well ai 
sterile ones. 

The Sori consist of groaps of sporangia which are Eurangod in a 
certain relation to the venation of the leaves, and their form and 




le most important gronpe ot renu, all leea Irom below. A Finiia of 
n, one of Ibe Bjn:icinopli;UBc«a ; r Tsceptaole j • «parani;[iri ; i Indn 
■[Dm; M a h»lE ot ths Indnalaro Ig removed. B Fiona of DaTftlUa— at illis nDderelda of th* 
Indnalnm {{) a turned, book, Oie npper half is become part ot the leaf margin. C FHt of a 
leaf orPlfruHTmlaldi • tbe epoiatigia! m the inverted msrsbi. D Laoinla of Mepbrudlnm— 
at « the Indneinm la removed, and at r the sporang^ia also. E lAoLnla of an Aaplaninni— at 
a the Indn^itm Is tamed bsok. F Pinnn ot Polyfaiiun lulfan-at r the apoiaa^ are 
removed (all are k stoe). 

distribntioa is characteristic of genera and even of Bdll lai^r 
divisionB. In many genera, e.^., all the HymenophylIace« (Fig. 120 
A), Dicksonia and Davallia, the soros is sitnated at the mat:gin of 
theleaf atthe extremity of a vein, and consists of two parts, a central 
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part wtich bears the Bporangia, known as the receptacle (Pig. 120 J r), 
■which 13 an elongated, filiform, or short cnshion-Iite atmctnre, and 
a cnp-shaped, aometimeH deeply two-lobed integTjjnent, the iiidusiam 
(Tig, 120 A i). In niost Fema the aorus is at aome diatttnoe from 
the margin of the leaf, on the under surface ; the indnsium then 
appears as covering the receptacle on one side only (Fig, 120 B D E), 
and its form varies in the different genera. The half of the primi- 
tiveiy cup-ahaped indnBinm, corresponding to the npper anrfacc 
bf the leaf, has disappeared (Fig. 120 B). In many genera the 
fcidnaimn has disappeared altogether; the soma ia then said to be 
naked (Fig. 120 F). Many Ferns bear the sporangia in a marginal 
row which may bo supposed to have originated by the coalescence 
of contigaona sori. The inferior indnsium, in such caaea, ia usually 
not present : the margin of the leaf covers the sporangia as a so- 
caUed spurious indusium (Tig. 120 C). Finally, in aome Ferns, the 
sporangia do not form aori, but are scattered over the whole of the 
under anrface of the leaf, on the mesophyll as well as on the veins. 
The hair-like strnctures which the receptacle sometimes bears intcr- 
Bperaed among the Bporangia are known as para^hyses. 

The Sporangium (Fig. 121) is a capsule 
with a wall of a single layer of cells, and 
having a abort atalk ; it is rarely sessile. 
The aporea commonly originate from the 
repeated diviaion of a single cell which oc- 
cupies the centre of the yonng sporangium ; 
in. only a few families the sporangium is 
developed from a group of cells, of which 
the inner cells constitute the mother-celb 
of the spores. In direct relation to the 
mode of rapture of the sporanginm are 
certain cells, which have a peculiar atmc- 
tnre, and which are much thickened ; they /'«■ l!l--Bl»n">B"'" "t™" 
. ' ■■ o( UiB PolypodiaosB (x 300)! 

form a Ting or annalus, wnicn, in some , stalk i r the ring nhich ei- 
families, ia completely closed, and in others '""'» " "" »t"™™> ■•■ ■' "■'" 

/n- -ini \ .L L spot the wall of tho Bponingium 

not BO (Fig. 121 r), or they may be con- niptnres. Onir s few of tho 
nected in some other form, but in any case i'por8B(ij')«reinrticated,forUie 
the aggregate of these cells is spoken of 

as the annnluB (Fig. 132 r). The Btructnre of this aannlus is an 
important characteristic of the various families. 

The groap of the Fema includes the following eight families, of 
which some are eicl naively iiupical, and the others, though they have 
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lepreseniatrves in tempermte clmiftiesi ftttain their most perfect 
derelopmeiit in the tropics. 

Famflj 1. HymemapkjfUaceas ; this contains the simplest forms. 
The mesophjll almost always consists of a single layer of ceUs ; the 
soms is always maiginal (Fig. 120 A)^ the sporangium sessile or 
shortly-stalked, and the annnlns entire. The prothalHnm resembles 
in strnctnre the protonema of Mosses. 

Almoet allihespeeieBaretiopieftL TrichomaMaradUamKDAMfwumoph^VMm 
Tunbridgense and mmUateraU (or IFUMmt) akmeoeeiir in England. Somespedes 
ol TrichomaneB have no tme roots. 

Fam. 2. Polypodiaeece. The annnlns of the stalked sporanginm 
IB incomplete (Fig. 121 r), that is to say, it is not continnons at thf 
base : each sporanginm is developed from a single epidermal oell. 
Almost all onr native Ferns belong to this family, which is exeep- 
tionally rich in species. 

The following snb-families may be distinguished, diaracterized 
by the position of the soms. 

(a) DavalUaeuB, Soros maiginal, or nearly so ; ^n^ff""™ eiq^-shaped (F|g. 
120 B). 

(6) Pteridea. Sori coalescent along the msjqgin of the leaf (Fig. i$0 C) ; 
indnsitim spnrioiis. PterU aquiUna^ the Bracken, has a stem wlueh grows at 
some depth belosr the snr&oe of the soil and throws up efweacj year a single large 
mneh-segmented leaf (frond). Adiantom, the Maiden-Hair, and Bleohniun 
(Lomaria), the Haxd-Fem, belong to this group. 

(e) Aipidiea. Sorqs on the lower surface of the leaf, orhifiolar in form and 
covered by a peltate or reniform indosiun (Fig. 120 D). N^hrodium Filix mat, 
the male Fern, and other spedes resembling it, with a thick tufted crown of 
leaves, are not rare in woods* Aspidimn is the Shield-Fern. Woodsia and 
Cystopteris also belong to this gronp. 

(d) Atpleniea. The soms, which is sHoated on the nnder surface of the leaf, 
is ekmgated or linear, and the indnaiam springs from the vein to which it is 
attached (Fig. 120 E). Atplenium Ruta muraria is not mioommon on walls and 
rocks ; A. Triehomanei is also abmidant, with simple pinnate leaves and a 
shining black rachis. A. Filix famina is common in damp woods. Seolopen- 
drium vulgars, the Hart's tongue, with entire leaves, is common in damp hedge- 
rows and woods. 

{e) Polypodiia. The sorus, which is on the under surface of tlie leaf, is naked 
(Fig. 120 F). In the seetion Polypodium the leaves are articulated to the stem, 
so that when they die and fall off they leave a roundish soar : the leaves ars 
usually borne in two rows on the dorsal surface of the rhiz<Hne. Polypodivm 
wlgare, with simple pinnate leaves, is common on tree-trunks, rocks, etc In 
the section Pfaegopteris the leaves are not articulated to tha stem, so that when 
>hey die fragments of the leaf-stallss remain attached to it. 

(/) Aeroitiehea, The whole underside of ^e leaf is covered with sporangia. 
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Fam. 3, Oyatheaeea. DisiinguiBhed from the Polypodiaoere only 

by the presence of a complete anmiliiB. 

The Eree-feniB belong to this family. Cibotium aod DiokBonia have margiiiiil 
Eori with cop-sb&ped iDdasia: Cjatbea and Alsophila hsTs theii son on the 
tmdei Bortace of the leaf. 

Frju. 4. Oleicheniacea and 
Fam. 5. Sohuaeaeeie occur only in the tropica. 

Lj^odimn ia the most remarkable e^naB, its pinnate leaves grow to a great 
length and twine rooDd eapports bj means of their midribs. 

Fam. 6. OsmujtdaceiB. The shortly- b talked sporangia (Fig. 122 
B), instead of a ring, have a pecnlia 
just below the apex ; they barst 
open by a longitudinal slit on the 
Bide opposite to this (Fig. 122 d). 

Otmunda regalii, the Fem-Bojal, is a 
not very oommon but well-known Fern. 
Only the upper pione of the leaves are 
lertUe and develops little or □□ meao- 
ph;U '. tbe aori are marginal and consist 
of a great number of aporangia : they 
have no indDsinm, Fig. 122 (4 i]. 



r group of cells (Fig. 122 B r) 




Fam. 7. Marattiac 
rangia of each sortu 



il tbe longitadlnsl elil. 



K 



The spO- pimiBwiUin 
. "^ , mesopbjll U 

e coherent, i),„ Lst ^, 
and appear aa the locali of a mn' 
locolar sporangium or si/nangiu 
they are not developed each from a single cell, but from a gronp 
of cells. The leaves, vrhich are nsaally of enormona dimensions, 
have large stipules at their base. 

Ifarattia, Eanlfojsia, Angiopteria, and Dansa are tropioal genera. 

Fam. 8. Ophioglossea. This ia the most aberrant of the families 
Ferns ; nevertheless it is allied to the above-mentioned families 
ty many features. The prothallinm is not a flat layer of cells con- 
taining chlorophyll, but a anbterranean mass of tissue, containing 
no cMorophyll. The stem of the spore-bearing plant is always 
short, and in the indigenous species it is subterranean ; it throws up 
a single aerial leaf, or two or three simnltaneonaly. The leaves to 
be developed in the following year are already formed at the end 
of the stem and are enclosed in a sheath formed by the base of the 
mature leaf and ita ttipoles. The fertile leaves are distinguished 
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from the barren ones by tKe production, from tha upper side of the 
petiole, of a branch which bears the fructification. The aporaagia 
are large and mar^niil, and are borne either directly by tliis branch, 
as in Ophiogloesum. or by its lateral branches, as in Botrychlnm 
(Fig, 123 /). The sporangia are developed from groups of cells 
and have no annnlns. In Ophioglossnm 
they are sunk in the tissne. 

Ophiogloiiunt vulgatufH is rather rare: it lus 
an entire toDgae-shaiped laminft sod a linear 
tmbracched IractifioalioQ. Botrychium Lunan'ii 
IB tolerably oommoD in monntiLtcoae districts; 
itB lamina is piuiale and the frcutiGcation is 
paniealate. 

Order 2. Rhizocabpe* (Peppekwoets). 

The spores are of ivjo hinds; the 

macTosporangia eaoh contain a single 

macrogpore ; t}i« miorosporangia contain 

wtmeroui microspores ; the prothaUia are 

- small and project bvt Utile from the 

Fam. 1, Satviniacece. Salvinia is the 
only genus. The male prothallium is a 
filament which is developed from the 
microHpore. The antherozoida are formed 
in two cells at the free end of this fila- 
ment, which represent a rudimentary 
antheridinm. 

The female prothallinm projecta but 
little from the spore. 

3 stem of the spore-bearing plant 
^ floats on the surface of the water and 
bears on its upper surface four rows of 
1 flat, green, aerial leaves (Fig, 124 i) and 
Mi It Bisnii on its nnder surface two rows of dissected 
itBriie lamina aquatic leavea (Fig. 124 w). Hoots are 
1 ibe feiUia wholly absent. The sori are aitnated on 
the aquatic loaves (Fig. 124 s) ; each 
separate sorus is conipletely enclosed in a thick induaium, and has b 
diameter of about 5 millimetres. Within this fructification the 
sporangia are borne on a columnar receptacle; in some sori there 
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braooh if). 




Frs. 1M— Aptcal porUon ot ttas 
Of Solnnia nataiu. hgq obllqnelj 

■qtulio IflkTiw, with 

dbI bod of thg uem. £ LoDgltc 

HCUcin throDgh Ihiee feiUlc twlb 



Pilttlarift. The formation of a mnle 
protlialJiam does notr take place; the 
whole conleuts of the microspore nndergg 
division aad give rise directly to a n 
ber of sm&ll cells, in each of which an 
antherozoid ia formed. 

The stem of Marsilia creeps along the 
bottom beneath the water (Fig. 123) and baiO- KTen 
1 its upper surface two rows of f f f'^'^oS"^' 
leaves with long petioles and qnadrifoli- 
ftte lomiun. The under surface of the stem bears aalj ri 
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fertile leaves branch above their insertion ; the one branch is qtdte 
similar to a sterile leaf, the other bears a legnminoid fmctification 
(Fig. 125/), which contains several sori enclosed by indnsia. This 
fructification, like those of the Phanerogams, consists of an infolded 
leaf. The sporangia are developed each from a single cell on the 
inner surface of the wall of the fructification. Each sorus contains 
both macro- and micro-sporangia. 

Manilia quadrifolia ooonrB in temperate oonntries, and many other very 
similar forms abound in warmer climates. 

Pilularia globulifera has narrow bladeless leaves, and the fructifieatlon is 
globose, bat otherwise it greatly resembles Marsilia. It oconrs in England. 



Class VI.— EQUISETIN^. 

The fertile leaves are arranged in whorls and form a spike ai the 
apex of the stem ; they are peltate and hear the sporangia, which are 
developed from groups of cells, on their inner surfaces. The spores 
are all of one hind. 

This class contains but one genus, Equisetum (the Horsetail). 

The prothallium is much branched and corrugated : it bears the 
antheridia at the extremities of the lobes, and the archegonia in the 
angles between them. 

The spore-bearing plant consists of a subterranean colourless 
stem which every year throws up green branches which usually die 
down in the autumn. The leaves are represented by an annular 
dentate leaf-sheath at each node (Fig. \2^Av). The outer surface 
of the aerial intemodes is usually not smooth, but striated with 
longitudinal ridges and furrows (Fig. 126 B) : each ridge corre- 
sponds to a tooth of the leaf-sheath. This external configuration 
of the stem is intimately connected with its internal structure. The 
fibro-vascular bundles are arranged in a circle (Fig. 126 B «), in 
each bundle there is a caviiy, the lacuna (A;), which is formed by 
the separation of the annular vessels ; the fibro-vascular bundles lie 
on the same radii as the ridges on the stem. There are also large 
cavities in the cortical tissue which lie internally to the grooves 
(Fig. 126 Bf). The pith too is replaced by a large air-space, the 
central cavity (Fig. 126 B c). The branches spring from the base 
of the sheath between the teeth ; they are similar in structure to 
the main stem. 

The fertile branches terminate in a spike (Fig. 126 A a), formed 
of the leaves, which are transformed into peltate scales bearing 
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I' iporangia. The last leaf-sheath below the spite is mdimentary, and 
I is called the ring or annulus (Pig. 126 A to). The scales stand 
I in numerons whorls ; they have stalks and bear the sporangia on 
I their internal aiirfacB. The sporangia are sac-tike and open in- 
1 wards hy a fissure (Fig. 126 «p). The spores are enclosed by 
I two coats, the two being 
m connected at one point 
* only. The enter mem- 
brane splits along a spiral 

line into two spiral bands 

(_elalers') which, wheD 

they are dry, are extended 

cross- wise, bnt roll np 

under the iuflnence of 

moisture, 

The different Bpeoi^ of 
Equisetum all inhabit dump 
pl&cea, bogs, vet fields, and 
woods. While some of the 
ttopicBl forma attain an im- 
mense beiglit ood tbickneBB, 
and the fosail lorms were of 
giguitio propoitiona, our io- 
digenona Hpecies reach at the 
utmost the height ot a, few 
feet, Had a thickness ot per- 
fa>p» half >n inch. In E. 

an-™,* and E. Teh>aUia the „^ ,j, _^ j,^^^ p„„,„^ ^, ^ ,^^,^ ^^ 
fertile Bhoot6 appt^ar in the EqtuMiltm pulurin. u Leaf-eheattia, below whic 
upring before the barren ones, hraneb™ (r) apringi to the uppermMt sMrlla at 
and are devoid ot chlorophyll, " "■« "plka ; i the peliaia lenile Imtbi. B Tran 
while the barren ones are "°"°'' "' '"^ '"^ 
green. B. paltatre (Fig. 126), , ^„"™''j,7/'u 

liiFKuuin, hycmale, eto., bear ridgee. C Feltaie leaf with HporaDsia [k 11 
tbeir spikes at the extremity Bialk; V tha sporangia. D Diagram of tl 
Of ordinary green branched or '^'' *•' ^^, abro-vaMoi. 
nnbranDhed nhoots. E. eyl- 
vaticum prodaces fertile shoots which, till the spores ace ripe, perfectly resemble 
those of E. arverat, which are devoid of chlDcophyll, hut afterwards they hear 




as arranged in 



i^Ji the node. 



lateral shootB, in cunsegoence ot which they c< 



^^_ oreen laierai buoulb, in U4 

^^Uha sterile stems. 



e T£i7 similar : 
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Class VH.— LYCOPODIN^. 

The leaves are for the moat part smallj the fertile leaves often 
confined to a particular' region of the stem. The sporangia^ which are 
developed from groups of cells, are ahnost always borne in the axils of 
the leaves or dose to the bases of the leaves on their upper sides. 

Order 1. Ltoopodieji. 

The spores are all of one hind, the prothaMium large and indepen' 
dent. The sporangia are outgrowths from the bases of the leaves, and 
are situated in their axils. The stem grows greatly in length and bears 
numerous leaves; which are very sm^l in proportion. 

The prothaUinm of Ljcopodinm is a subterranean mass of tkene 
of considerable size which bears archegonia and antheridia. 

The stem of the spore-bearing plant grows greatly in leng^ : it 
usuallj creeps on the gronnd and branches in varioTis planes in an 

apparently dichotomons 

manner. The intemodes 

'^ W K ^^ short, the leaves are 

closely placed in a scattered 
spiral, or they are decus- 
sate. The roots bvanch 
dichotomoTLsly. The spo- 
rangia originate from the 
tissne of the Upper snrfade 
of the fertile leaves and 
project outwards. The 
fertile leaves^ in some 
species, e.g., Lyeopodi/um 
Selago, exactly resemble 
the sterile ones ; in others 
they differ from them and 
' are not green : in this case 

Tig. 127.— Portion of LyeopodinmolaiNieuin, somewhat they form a BOrt of spike 
smaller than nat. size; 8 the fraotiflcatioii. which in X. clavcUum 

grows on a stalk bearing small leaves (Fig. 127 «)• 

L. elavatum and annotinum (Club-Mosses), are the oommonest spedes 
which occur in our woods. The exotic genera Tmesipteris, Fhylloglossum, and 
Fsilotmn (which has no trae roots) differ considerably from Lycopodiom in their 
habit, but are as yet imperfectly known. 
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Order 2. Seiaginellsx. 

The gporeg are of iino kinds; the maeroeporangia each contain four 
macrospores, the microsporangia, a great number of tnicroeporea ; hoth 
formi of epoTcmgia are tiiaated in the axils of tlie leaves. The pro- 
iliallia are small and project but Utile from iJie tpore». T/te stem 
groies consideraily in length and heart numeroitg short leave*. 

The gennB Selaginella haa Bome rartemal resemblance to Lyoopo- 
dium; the stem hranches dichotomouBly, bnt always in the same 
plane, and often forms a highly complicated branch-system. In some 
species the stem creeps on the gronnd, in others it is npright and 
even shmbby. The intemodea are short, and bear short somewhat 
ronnded leaves, which are nsnaliy inserted in foar rows and have 
different forms on the two sides of the stem, so that each pair of de- 
cussate leavea consists of a large inferior leaf and a smaU superior 
leaf (Fig. 128 B and o). At the base 
of each leaf there ia a small mem- 
branous ligule. The roots branch 
diuhotomonsty in alternate planes at 
right angles to each other. The spo- 
rangia are situated in the axils of the 
fertile leaveB, which sometimes differ 
somewhat in form from the sterile 
ones. The microsporangia are nsnaliy 
higher np on the shoot than the 

macrosporangia. Each of the latter j,,„ im.s^si^a^ i«i,.ffaa (nM. 
contains four macrosporee, for only alia): i the oprifthi fEriiie ihont, wiih 
one of the nnmerons mother-cells «p°™«1s in the «ii. oi the im.m. 

On tho procombent slarJa ihooM, Iha 
divides into fonraanghter-ceUs, which leareaoa tbi nnder Bids <u) >.ralarg<r 

are developed into macroapores. "*" "'°" •>" ""« "Pi""^ '"'« '">■ 

The prothallinm is formed in the macroapore, jnat beneath tno 
apex, whilst it is ripening : 8ubaei|nently, when the spore germinates, 
tho prothallinm protrudes from the apex of tho spore, the wall 
having mptnred along its three angles, and it there bears one or 
more archegonia. The rest of tho cavity of the spore is then filled 
with a parenchymatoufl tissue, which may be termed the endosperm 
(Fig. 118). 

In the microspore the prothallinm is only rudimentary; it ia re- 
presented by one cell, which nndergoes no further changes, whilst 
from the others the mother-cells of tho antherozoids ai-e formed by 
repeated division. 
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8. telaginoides is the only indigenooB species ; it grows in bogs and marshesi 
Seyeral species, such as 8. Krautsianaj inaquali/oliat etc., are coltlTated. 

Order 3. Isoetea. 

The spores are of two kinds ; the macrospores are numerous in the 
macrosporangia. Both hinds of sporangia are sitwUed at the hoses of 
tJie leaves on their v/pper surface. The prothaUium is smaU and 
projects hut little from the spore. The stem remains short and hears 
numerous long leaves. 

The genus Isoetes includes aqnatic plants which live at the bottom 
of lakes, etc. The stem is short ; along two or three longitndinal 
lines on the stem a considerable growth of the cortical tissue forms 
projecting wings, between which the roots are produced. The leaves, 
which are numerous, have a well-developed sheath separated from 
the long and narrow lamina by a pit^ the/oveo, which bears a ligule 
on its upper margin. 

The sporangia are situated in this pit ; the macrosporangia occur 
on the outer leaves, the microsporangia on the inner ones. Both 
sorts of sporangia contain cellular filaments among the spores. 

The development of the prothaUium is similar to that of Sela- 
ginella. 

ItoStet laeuttrit and other species occur in lakes where the water does not con- 
tain mach lime. 



GROUP IV. 

PHANEBOGAMS. 

The most conspicuous character of this group ib the formation of 
seeds, which are produced, in consequence of fertilisation, upon the 
plant itself, and are detached from it only at maturity. The seed 
contains enclosed in its coat, or testa, an embryo, — ^that is to say, a 
young plant. This is usually already so far developed that stem, 
leaves, and root are formed to a certain extent, so that after a period 
of rest it at once developes, at the time of germination, into an 
individual resembling its parent. Besides the embryo, the seed 
usually includes a tissue, called the endosperm, which in many orders 
is absorbed by the embryo at an early stage before the seed is ripe, 
and in a few others is never developed at all. 

In the Vascular Cryptogams, the structures which are thrown off 
for the purpose of reproducing the plant are unicellxdar spores, which 
more or less directly give rise to the sexual organs ; but in the 
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.nerogams, fertilisatioa takea place upon the plant (eporophore) 
Itaelf, and the stmcture which is thrown oS for the parpoBe of 
reprodaction is an embryo invested by parts of the parent plant. 

many of the Vascular Cryptogams (Eqnisetum, many Sela- 
ginellee and Lycopodieie}, the spore-boaring leaves differ in form 
the foliage-leaves, and are collected together on certain r^ons 
particular short axes, so in the Phanerogams the reprodnctive 
i-oi;gaDB are modified leaves which are collected together at the apex 
of a short axis. This shoot, the leaves of which are thus modified 
to subserve reproduction, is called the Flmeer. 

The most important organs of the fiower are the tlamens, bearing 

the polleti-saa in which the male 

reproductive bodies, the poUen- 

jrai»M,are contained {Fig.l29p), 

id the carpels, which usually 

\les ; within the ovule 

oo^kere is situated (Fig. 129 

; The stamens, regarded coUec- 
wely, form the anJrtecium of 
the flower, and the carpels the 



In addition to thes 







the flower includes other foliar 
organs which, however, are not 
directly concerned with repro- 
duction; these form the perianik Pis.m.—Dlsgnm of > Flaws 
fFiff. 129 Ke K). When these ^ '^<'"'"»: ■*■ a"™"'' « ■"»'-' ^"^ '"" 

•■ » ' poUbd-hk™ in OBCli hHI, whioh KB opened, 

three sets of organs are all pre- ihovuig the poiiec-eniiu (f). Tiieu taW on 

sent in a flower, the perianth is tho8«Boi».»oaihepoUBn.tQb«(iiilpenBtr»tM 

'^ Ihe ilyle (g) u far H the uriLy ot Ihe OTUy 

always sitmited most externally, ,j.,^ , aching the ovnia (S); i ibs in^gununt 

that is, at the lowest level upon "t tbo ovulo; •■> Uia iinil)pjo.»M. E Tho 

the floral axis; then comes the ™'"^- 

androecium, and finally, nearest to the apex of the axis, the gyncc- 

cinm. 

The pollen-grains are formed in the pollen-sacs by the division of 
the mother-cells into four. The wall of the pollen-grain consists of 
two layers, an external, the emthie, which is firm and often covered 
with asperities; an internal, the intine, which is very thin : the cell- 
contents consist of granular protoplasm, which has been termed 
foviUa. In the Angiosperms two or more nuclei are present in the 
pollen-grain, and the protoplasm is aggregated roond them so as to 
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form masses of Tsriona bucb ; altliongli tlieae masses are not covered 
with oell-wallB, th^ most be regarded as being cells. In the 
Gymnoapermg, however, each of these cells has a cell- wall, and the 
pollen-grain is therefore obvionslj mtdticellnlar. The pollen-tvhe, 
hj means of which fertilisation is effected, conmsta of the intine 
and the contents of the grain ; it grows ont, throngh the mptnred 
extine, from the laigest of the cells contiuned in the pollen-grain. 

The pollen-grains correspond to the microspores of the higher 
Vascidar Ciyptogams. The faot that they are mnlticellnlar recalls 
the radimentarj protballinm formed in the microspores of SeJagi- 
nella, bat no formation of antherozoids taku place. The pollen-sacs 
correspond to the microsporangia, and the whole stamen to a leaf of 
Selaginella bearing a mioTosporanginm. 

The carpels are either open, bearing the ovules on their sorf aces 
(GymnoBperniB), or they form, or contribute to form with the axis, 
a stmcttire in which the OToles are containet^ the ovary (Fig. 129 
F), which, when mature, is the/zini (Angiosperms). 




Tia. ISO.— IHagnm of ths Omle. d Or&tti^rna, B Anatropoiu. flBni|i7lotooi>aiU| 
/ fiin[c1fli oC the oatar into^nmsnt; ti tha Inner inUgnmeut; m mloropjle; Je nnoeUui 
tfiitflmbi7i>-HM>i rtbanplioi ochBlUb. 

The Ovnle consists of three parts : 

1. A stalk, called the yitntcle, by which it is attached to the parent 
plant (Fig. 130/): the point ot junction of the fnnicle with the 
ovale is termed the hilwm. 

2. One or two coats, the integumente (Fig. 130 at it), which do not 
completely close at the anterior end, bnt leave a short canal known 
as the mdcropyle (Fig. 130 m) : the point of junction of the nncellns 
with the integoments is termed the ehalasa (Fig. 130 c) : in some 
cases (Fig. 130 A, U) the chalaza and hilrnn coincide, in otlier oases 
they may be more or leas widely separated, as in Fig. 130 S, where 
they are separated by the whole length of the ovnle. 

3. A central cellnlar mass, the rmeellua (Fig. 130 i). 
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According to the relative position of those three parts, the follow- 
ing forms of ovulea are distinguished: 

a. Atropojis or orthotropoiis, when the nucellns lies in one and the 
same straight line with the fnnicle which is nanally short (Fig. 130 A). 

b. AnatTopoiii (Fig. 130 5), when there is a curvature at the point of 
attachment of the nncellns with its integuments (hilnm) to the elon- 
gated fnnicle (raphe), the integnmentfl coalescing with the raphe. 

e. Campijlotropous (Pig. 130 0), when the nucellns with its in- 
tegument ia curved on itself. 

One cell of the nncellns increases greatly in size and constitutes 
the smbryo-sac, within which, at the anterior end of the ovule (that 
is to say, the end at whioh Ihe micropyle is situated), ia the oosphere : 
in Angiosperras this cell is developed directly by free cell- formation 
(see p. 205), but in Gymuoaperras it ia formed indirectly in a special 
orjjan, the corpuscuhiim (seep, 17?). 

Fertilisation is effected as follows : a pollen-grain falls either 
directly upon the micropyle, as in the GymnoBperms, or on to the 
»poK of the ovary, which is specially adapted to receive it, as in the 
Angiosperms, and it then throws out a long tube, known as the 
pollen-tube (Pig. 129 ps). This extends to the oosphere (Fig. 129 
E) through the micropyle, and the oosphere ia fertilised in con- 
sequence of the contact. The result of the fertilisation is that this 
cell becomes sarronnded by a membrane and begina to grow towards 
the interior of the embryo-sac, forming a row of cells, the sutpensor, 
of which the inferior terminal cell forma the embryo by cell- division. 

A parenchymatous tisaue ia developed within the embryo-aac, the 
eadaeperm, in the Gymnosperma before ferliliaation, in the Angio- 
sperms not until after it. It usually originates by free cell-forma- 
tion, isolated cells being formed in considerable numbers which, as 
they grow, come into contact and then ra.ultiply still further by 
diviaioD. In rare cases {e.g., Alismaceie) the formation of endo- 
sperm does not take place. In many plants the endosperm is 
displaced and consumed by the developing embryo, bo that it has 
disappeared by the time that the seed ia ripe. 

In contradistinction to the endosperm, the term peritpenn is ap- 
plied to the cellular tissue wliich is contained within the ovule, but 
■which liea externally to the embryo-sac : it is in fact a permanent 
portion of the nucellns, and it is found in relatively few families of 
plants (Fig. 15?). 
^^L The comparison of the female soicaal organs and of the modes of 
^H^RtiliEation of Phanerogams with those of the Vascular Cryptogams 
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i Bomewhat difficult, tuid will be entered upon when the Gymno- 
epemiB are being con- 
sidered. 

The embryo, as it ia 
cotitained in the ripe 
need, n finally exhibits 
distinct differentiation 
into tlem, leaf, and root. 
This first root (Fig. 131 
Hi) — the primoiry root — 
lies in the Game straight 
line as the stem which 
very short. At the op- 
posite end the stem, bears 
the first leftveB(Fig. 131c) 
which are nsnally strik- 
ingly unlike the leaves of 
later growth, and are 
known aa cotyledi 
Beed-leares. Sometimes 
the next leaves are dis- 
tinctly yisible, forming » 
terminal bud, and these 
constitute the plumule. 
The portion of the stem 
which lies below 
cotyledons is the hypo-' 
cotyledonary portion (Fig. 
131 HI he}; it merges 
gradually into the root, 
and the two 

designated as the radicle. 
""h °' T^ '^^^ intemode next aboTD 
JO near the the cotyledons 
cotjlfldons cotyledonary portion. The 
'httifoi™iiB embryo always lies so 
naJ Beotion the ovule that the apei 
'™ "° P of the primary root 

I Ihe embryo-HBD pnshaa directed towards t 
typooobjledoiuKT pMtiDn micrOpvle 
rootj T red membnuio " 




I haling been romoTBd. C Lon([itii 
IB eadnflpena and embryo. D Tr&m 



within the hard te 



tion the root grows out 
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throngh it. The integnments of the ovnle constitute the teita, of 
the ripe seed, and occasionally daring the ripening process another 
outer integument ia formed, known as the arillus, aa in the Tew and 
the Spindle-tree. 

All flowers do not consist oE the three parts above-mentioned, the 
perianth, the andrcecimn, and the gyntecinni ; the perianth, for 
instance, is absent in many Bowers. Those flowers which include 
both male and female organs are called }i.erniapkrodite, commonly 
indicated by the Kign B ; but there are many plants in which some 
of the flowers (irrespectively of the perianth, which may be present 
or absent) possess male organs only, and others female organs only. 
Snch flowers are called diclinous or iinisexual, the former being 
male (ij) and the latter female { ? ). When the flowers of both 
sexes are borne by one individnal plant, they are said to be monae- 
eioui; bnt when they occur on distinct plants, they are said to be 
iiaxious : it is permissible in that case to speak of male and female 
plants. When the same plant produces both herma.phrodite and 
nnisesnal flowers, it is said to he polygamous. 

Plants of which the individnal perishes after once producing 
flowers and seeds are termed morutcarpous ; in rare cases several or 
even many years elapse before the blossoming occurs, e.g.. Agave 
amerieana. More common are aamials (indicated by the sign ©), 
I.e., plants which complete the whole course of their development 
in the course of a single year, aa the Wheat; or biemaaU {Q}, 
plants which do not blossom till the second year of their growth, 
and then perish, as the Turnip. By polyearpous plants are meant 
those of which each individnal produces flowers and fruit repeatedly, 
year after year ; trees and shrubs are thus perennial, and have snb- 
aerial woody stems or trunks, and there are perennial herbs and 
plants which have nndergronnd rhizomes, tubers, etc. 

The group of Phanerogams falls into two divisioDS, the first con- 
tauiing only one class, the second two classes. 

A, Qynwo^ermte. The ovule is naked ; that ia to say, it is not 
enclosed in an ovary, but is attached to a carpellary leaf or simply 
to the axis of the flower. The endosperm is developed in the 
embryo-sac before fertilisation; the oosphere is situated within 
a special organ, the corpusculam. 

Class VIII. Oymnos'permm. 

B. AngiogpernuB. The ovule is enclosed in an ovary; the endo- 
sperm is not formed in the embryo-sac before fertilisation, and the 
oosphere is formed by free cell-formation. 
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ClasB IX. Monoeoljiledoiu. The embryo hu but one coty* 
ledon, ftnd the ripe aeed nsnallj oontains much 
endosperm. 

Class X. DieotyUdoHt. The embryo has two opposito coty- 
ledooa, and the endosperm is freqnentlj all ab- 
sorbed berore the seed is ripe. 



DIVISION A. 

CLiss Vin.— GTMNOSPERMJB. 

3%« ovule it not enelond in an ovary; it it atlached either to an 
open earpd, or to the axit, no carpel being pretent. The endotperm 
it formed in the embryo'tae b^ore /ertilitation, and the ootphere it 
developed in a rpedal organ, the eorpvteulwn. 

The flowers are always diclinons, frequently dioeoions, and almost 
always without a perianth. The male flowers connst of a prolonged 
1 which nnmerons stamens are inserted. These are some- 




7i«. m.—A IfBla Si>w«r of AMm jwctftulai Ha 

h biaotaj a Msmou. B Polleu-grAin highly P^^^i ^ into^menb^ h nnoelhu) i 

ma^iillled t « tztliis with a bladdar-Iika sipkd- oosphan ; h Dsok of tha « 

■Um (61)1 linUnet y (helnoliidcaeallj. (After • sudoapenn fil 

SMhi.) inllsn-gniiu I j 

times peltate, like those scales of Equiaetnm which bear the spo- 
rangia, but eometimee they hare a greater resemblance to an 
ordinary petiolate leaf. They bear on the inferior surface two or 
more separate pollen-sacs (Fig. 132 A a), which open longitudinally, 
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s to allow the poUen-grains to escape. These always consist of 
&t least two (Fig. 132 B), and often of several cells, from the larg;eBt 
of which the poUen-tnbe ia developed. In the conrse of this pro- 
cess the eitine ia uHnally raptured and Bhed, bnt in some rare cases, 
e.g., in the Cj-cadete, it ia pierced by the pollen-tnbe. 

The female flowers are Tisually prolonged axes, which in some 
cases bear carpels upon which the ovules are inserted, and in otliers, 
bear the ovules directly, carpels not being present. The carpels 
are frequently closely packed around the ovules, bnt they do not 
form an ovary. 

The ovule is commonly orthotropous, with a very short funicle 
and having but one integument. The nncellus is large and the 
embryo-sac is at some distance from the micropyle (Fig- 133 e) ; 
the sac becomes filled with endosperm in which, at the anterior end 
several oorpnscnla are developed (Fig. 133 c). Each corpuscnlum 
criraists o£ a neck (Fig. 133 A), which is formed of one or of a 
small number of small cells, and of a large central cell, the oosphere 
(Fig. 133 c). From the structure and arrangement of these organs 
it may be seen that the Gymnosperma occupy au intermediate 
position between the Phanerogams and the higher Cryptogams. 
The embryo-sac corresponds to the macrospore ; in this case it gives 
rise to a prothallium (the endosperm) without becoming separated 
from the parent- pi ant ; on this prothallium several archegonia (the 
corpuscnla) are produced. The pollen-graina correspond to the 
microspores, bnt they do not here give rise to antherozoids. The 
pollen-grains are borne by the wind to the micropyle ; they are 
conveyed through it by the fluid there secreted to the nucellus, and 
they penetrate its tissue by means of the pollen-tubes which they 
protrude; each tube makes its way through the neck of a corpuacu- 
Inm, coming into contact with the oosphere, which is thus fertilised 
(Fig. 133 »). The fertilised oosphere elongates downwards, forming 
a Huspensor bearing the embryo at its inferior eitrem.ity. 

The ripe seed always contains endosperm, in the midst of which 
the embryo lies longitudinally, its root-end being turned towards 
the micropyle (Fig. 131 1 y). The stem bears two or more coty- 

I in a whorl (Fig. 131 c). 
m The class contains the following three orders : 
1 1. Cijeadece. The trunk is rarely branched, or not branched at 
^; the leaves are large and much branched. 

. Gon.ifer<B. The stems are much branched, the branching being 

i01aiy and monopodia! ; the leaves are very small and entire. 
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3. Gnetaeece. The habit of these plants is varions; they dia- 
tinctly approach the Angiosperms in the character of their flowers. 



Order 1. Ctcadgs. 

The slem it tUgktlif branched or not at ail; tlie leavei are large 
and branching. 

The Cjcadete are plantn which, in many particulars, have affinities 
with the Fema, while, on the other hand, in external appearance 
they resemble the Palms. The stem is tnbercnlar or cylindrical^ 
and thickly set with leaves. The leaves are of two kinds — some 
being scale-like, brown, and dry, closely covering the stem, the 
others being green, pinnate, 
and of a leathery conBiatency ; 
these last are produced an- 
nnally, or at a longer interval, 
and form a msgnificent crown 
B S^^S^^ \ 'i^^Sf Jt '^^ ^^^ apex of the stem. 

The flowers are prodnood 
terminally at the apex of the 
stem, the male and female 
"M"^^^ * ik~^8i^M*'' Sowers being borne by dif- 

ferent individuals. The male 
flowers consist of an axiB 
which bears peltate stam^is, 
having the pollen-sacs on 
their inferior snrfaces ; they 
somewhat resemble the spikes 
of sporangia of Eqnisetnm. 
Tia. isi,— The iioirw ot CjoM. A o»n»i "t The female flowers are for the 

Cgcu mslula n uit. Bii«); / pinnB; • ovnlM. , , -,•. ,, 

J CM M Z...I. «.,«.f» «i m »™i« » ■»»•' P"* cono-lile ; the at 
C Btamsn of Uie urns, witih Lhe uiUierB (p). bears nnmerons carpels ; on 

the inner side of each carpel there are two orthotropons ovnles (Fig. 
134 B). In the genns Cycas the female flower is composed ot a 
rosette of leaves, each of which is formed like the foliage leaves of 
the plant, only that it is mnch smaller and bears ovnles in the place 
of the lower pinnte (Fig. 134 A). In Cycas, too, the axis of the 
plant continnes to grow after the production of the flower. 

The ovules have an integument which becomes snccnient at 
maturity, and they acquire a considerable eiae. Those of Cyoan 
arc as large as a plam even before fertilisation. 
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which do not escape from the 



The embryo Las two cotyledoi 
seed oa germination. 

The Cjcadem are natives of tropical AmeriaB ; they oocnr — fewer in nnmljer— 
in South America and tropical Aeia. Cycai tevoluta and cireiNalii, Zantia 
muricata and Dioa eduU ara often grown in hothoosos. 

Order 2. Conifehj;. 

The glem hranelies extentively from the axils of the leaves, htit not 
from all. The leaves are mlire and relatively email. 

This order includes the Fines and Ftrs which are abundant in 
temperate climatea. A conspicuous feature in their habit is the 
regularity of the moaopodial branching of the stem. In the strnc- 
ture of their tissues they exhibit affinity with the Dicotyledons ; 
the tmnk increases in thickness, aa it does in the Dicotyledons, by 
means of a ring of cambium; the secondary wood, however, con- 
tains no vessels, but consists entirely of wood-cells (tracheides), the 
walls of which bear peculiar bordered pits (Fig. 42). 

male flower consists of an elongated ajds covered with 
Lens of various forms, which hear two or more pollen-sacs on 

leir inferior surfaces (Fig. 132 A). 

The structure of the female flower differs considerably in the 
rarions families, and in some has not yet been accurately investi- 
gated. 

The embryo has a conapicnons primary root which grows per- 
itly, and tvro or more 

tyledons which escape from 
seed and untold on ger- 
mination (Fig. 131). 

Sub-order 1. Taxise*. The 
ovules are perfectly naked, 
there being no carpels. The 
flowers are always dicecions; 
the embryo has two cotyledons. 

Taxui haeeata ia the Yew ; the S"'^J^7^„ec\^'JolTt ^ia-Me^b^eto 

B oocni aingl; at tlie end of wbioh an eilU ruible Ulbebuseof the fruli; 

abort branoheg (Fig. 135 B), < the ftppatBWlj terminal ovqIu. with (Otha ic- 

.bich bear nomerouB braOtB. The "gnment: m mierepylSi k nncollusi o i tbe 

, , . ., , ,' luaimenl of tha ntillua, iibicli snbseqaeaUy 

l,M.«d o-nk dutmg ,1. m.to.foo ^^. „^ ^^ ^^ ,^ 

beoomoB narrtionded by an arUlns 

(Pig. 135 A f), wliioh, when it ie ripe, ia red and fleshy. The leoTea, whioh 
are spirally arranged, proiect an two sides fiom the stem, and are flat nod 
linear, light green npon (he uuder surface, bat deititute of white atrjpat; by 
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thiB tbe tres is at once distinguifihable trom tbe Silver Fir. irhicli resemblel 
it in babit. Saliiburya adianlifolia {Ginkgo biJoba), which gtowa in China aai 
Japrui. b»B broad wedga-ahapad leaves, with pHlmate Teuatioo. PhjUocladiu 
baa flattened pbyUoid brancbea. 

Bnb-order 2. ARAncAHiACE*. Flowers nsnally mon<ecioiis. The 
female flower is the weH-known cone of tlie Fira and Pioes, consist- 
ing of an axis (Fig. 136 B sp) 
bearing' scales (Fig. 136 c), ar- 
ranged spirally or in whorls, 
which are the bracts. In tlis 
axil of each of these bracta 
there is a second scale, the car- 
pellarj- scale, which usually 
bears two or more OTiiIe8(Fig. 
136 sk). The relation of these 
two scales to each other 
been explained in a variety of 
ways. The view here followed 
is, that the carpel lary scale 
represents the axillaTy branch 
of the bract, consisting of an 
aiis bearing a carpel which 
is fused with it, and whioli 
bears the ovales. 

In some genera (PirniB, Jnid- 
perus), the seed takes two 
years to come to maturity 
the first year, the pollen-tube 
penetrates only a short distance 
into the tissue of the nucellua,' 
and it is not till the followinjf 
year that it reaches the 
bryo-sac and fertilises tho 
oosphere ; the embryo at < 
inttres (iwMt«) i begins to develope. 
" "wHj (m); The embryo has from 2 to 15 
cotyledons (Fig. 131 e). 
This Sub-order may be divided into the following four families : 
Fam. 1. AbietinetE. The carpellary scale is coherent with the 
bract only at the base ; the micropjle of the ovnie is directed down' 
wartis ', the arrangement of the loaves and scales is spiral. 
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The flowers are moncecioaBT there are two ovules at the base of 
each carpellary scale; the ripe seed has winged appendages spring- 
ing from the surface of the carpellary scale (Fig. 136 Cf); the 
poUen-graina have nsnaily vesicular expansions of the cxfino (Fig. 
.132 B hi) tilled with air. 

The geune Abies has flat carpeUiu? Bcalee ; the eeeSs i-ipcn in a ein^le year ; 
the leavee, vhioh persist (or several jeora, are arrangad Epitally only on thedon- 
gated shoots. In most species the peisisteotly growing stem beare well-developed 
lateral bracuhes in the Biils of the leaves belonging to the upper portion of each 
year's growth, and leas well-developed branches inegalarly in the aiils of leaves 
lower down. The seaondaiy hranchea develops in the same mnnner ; the derelop- 
ment of brancbes of a higher order takes place especially on the two siiles of the 
nearly horizontal primary branches. 

The male Severs are developed in the aiils uf certain leaves of the shoot pro- 
duced in the previous year. ','- 

In the sub-genus Abies, in 
flat, with two margins, and : 
(ace ; the cone stands erect . 
year, at some distance from 
scales fall ofi, togethi 



the FiiB, the ocionlar le»tel wi , 
: marked with white streaks upon the ui^er SQr-' ' 
the axil of a leaf borne by a ehoot of the previous 
I apex : when it is ripe, the bracts and cai;peUary 
with the seeds, from the aiis which persists for a'time. 



To this genus belongs Abiei ptciivata, the Silver Fir. the emarginate lea 
u-hioh stand out in a comb-liks manner from the branches. A. eephalonica. 
which grows in Grease, and A.Pinaapo, which grows in Spain, both have pointed 
leaves. Id the anb-genus Picea, including the Spruces, the leaves are prismatic. 
with four angles ; the cones are developed at the apex of the shoots of the 
previous year, become pendulous after fertilisation, and, after the shedding of 
the seed, drop off entire. To this group belongs AbUi txcelia, the Norway 
Spruce. The sub.genus Tanga (peculiar to North America) has cones like those 
of the Spruces and leaves like those of the Firs, and brsDches arranged in whorls, 
though this is not always evident, as in J. aaaadeiau (the Hemlock Spruce) and 

The cones of the genus Larix, the Larches, resemble those of Abies ; the leaves 
persist through one season only ; they are arranged spirally on the elongated 
branshes, and in a fasciculate manner on the dwarf.shoots which are developed 
in the axils of ths leaves of the elongated branches of the previous year : these 
dwarf-shoots grow but slightly every year, bat they may be transformed into 
elongated branches. The male flowers, as also the coues, ore situated at the 
apex of the dwarf-shoots. The branches are not arranged in whorls but irregu. 
larly. L. eUTOpaa belongs to the Alps and the Carpatliians ; other species are 
fonnd in Siberia and in North America. 

The genus Cedros, the Cedars, difTers from Larix in that the leaves, which ore 
arranged in the same way. persist for more than one year, and in that the seed 
takes two years to ripen, C. Lihani occurs in Asia Minor, and C. Vtudara in 
the Himalayas. 

In the genns Pinus, the Fines, the carpellary scales have a thickening at their 
free ends, presenting on the exterior a rhombic surface, the apvphytU. The seed 
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takes two years to ripen. The green leaves, which persist for several years, are 
borne in groups of two, three, or five, on dwarf-shoots which bear cataphyllaiy 
leaves at their bases, which do not elongate, and which are borne in the axils of 
the scaly leaves of the elongated branches of the same year. The primary 
branches are arranged in false whorls near the apex of the shoot of any one 
year, and the branches of a high order are also arranged in this manner. The 
male flowers take the places of the dwarf-shoots at the base of an elongated 
branch of the same year ; they are closely packed. The cones take the places 
of the whorled branches near the apex of the elongated branches of the same 
year. 

In the sub-genus Pinaster, each dwarf-shoot bears only two green leaves ; the 
apophysis is rhombic, the seed is winged. To it belong Pinut gylvestrUt the 
Scotch Fir ; the cones are borne upon short stalks and bend downwards ; the 
winter- buds are rounded : P. montana occurs in the Alps ; the stem is nsoally pro- 
cumbent, but sometimes erect ; the cones are sessile and are placed horizontally : 
P. Laricio occurs in southern Europe, and has pointed winter-buds : P. pinea 
is the Stone-Pine of the south of Europe ; the seeds are large and edible, with 
small wings. The North American sub-genus Tasda differs from the preceding 
in that the dwarf-shoots bear three leaves. In the sub-genus Strobus, including 
Pinus StrobttSt the Weymouth Pine, the dwarf -shoots bear five leaves; the 
apophysis is semi-rhombic, and the seed is winged. The sub-genus Gembra, 
finally, has a large wingless seed, and its cones faU to pieces; to it belongs 
Pinus Cembrat the Siberian Stone-Pine, occurring in mountainous districts such 
as the Alps and Carpathians. 

Fam. 2. Araucariece, The carpellary scale is completely fused 
with the bract ; the micropyle of the ovule is directed downwards ; 
the leaves and the scales of the cones are arranged spirally; the 
ovules are completely enclosed by the scales ; they are trees with 
very regular branching ; branches in whorls. 

Araucaria imbricata occurs in Chili; A, exceUa on Norfolk Island. Dammara 
orientaliSf in the East Indies, furnishes the Dammar resin. In Cnnninghamia 
each scale bears three ovules, whereas in Araucaria and Dammara it bears only 
one. 

Fam. 3. Taxodiece, The carpellary scale is completely fused 
with the bract; the micropyle of the ovule is directed upwards; 
leaves and scales arranged spirally. 

Taxodium distichumj the Deciduous Cypress, grows in siiramps in the United 
States. Wellingtonia gigantea (or Sequoia) is the Califomian Pine, remarkable 
for its enormous size and for the great age which it attains. Cryptomeria japo- 
nica is an ornamental shrub. 

Fam. 4. Cupreasinece. The carpellary scale is completely fused 
with the bract; the micropyle of the ovule is directed upwards; 
the loaves and scales are arranged in whorls. 




The leaves are arranged in whorls of two or three, and at their 
bases are continnona with the cortex of the branches. The scales 
(consisting of the fnsed bract and carpellary scale) of the cone bear 
one or more ovules on theii- inner snrface at the base. In Juiu'perui 
cotnmunJB and allied species each scale bears only one ovule, placed 
somewhat to one side, on itfi inner surface ; so that it appears as il 
the three ovnlea alternated with the three scales. The flowers are 

ImoncEcions or dioecions. The embryo nsnally has only two cotyle- 
dons. 
I In Jimiperaa (dicecioiis) the scales ot the 
aoDec become saeouleiit when ripe and coliera 
to form a berry. In the aub-genus OijcedmH 
(to which J. communis, the eommon Juaiper, 
^ongs), the leaves are Brransed in vhorls of 
tliree ; in accordance with this the cone bears 
three Bcales. In the Bab.genos Sabina (to 
which J. Sabina, J. virgiJiiana, and others be- 
long), the leaves are arranged in whorle of 
two ; in these the oono bears two scales (Fig. 
137 A), and each scale bears one or two ovules. 
Thuja oeeidintalii, from North America, is 
conuDonlj' cultivated. The scales of the cones, 
which bear each two ovules, become woody and 
the fruit opens like a capsule ; the seed has a 
narrow wing. The deonasate leaves project 
but hltle from the surface of the branch, and 
bear a piotrnding resin-rec^ptacle. The ulti- 
mate sboole branch only in one plane, and 
thus come to resemble branched leaves. Biota tbreescflJeH(tbe: 
orwntaJu, from China, is airuilar to the pre- down); ithB tin 
ceding, but the seed ifl not winged, and the linear ''""" °' '°" "" 
resin-Teceptactes are imbedded in the leaves. 
Cupretna lemptrviTriu, the Cypress, has peltate stalked soales on the cone«, 
bearing muneroua ovules. This is also the case in ChanuBcyparis. to which 
many ornaraentol Bhrobs belong, but each scale hears only two ovules. In 
Callilria the cone is ronnded, and is composed of four scales ; the lower brood 
scales bear two or three ovules, whereas the upper ones bear only one or they 
are sterile. 
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Order 3. Gsetacej;, 
The Gnetacete dilTcr from the Cociferro in that the nialc flo\ 



provided with an investment which more or less resembles the 
,th of Angiosperms. 
Ephedra diitaehya is a shrob oecarrlDg in Southern Europe ; it somewhat re- 
wmbltf an Gquiseturo, for it has long erect brancbes and small leaves attonged 
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in whorls, and coherent so as to form sheaths at intervals xoond the stem. The 
flowers are dioecious. WelwiUehia mirabilis is a remarkable plant peculiar to 
Western Africa ; it has a very short, thick stem, somewhat resembling a yery 
large beetroot, and two large foliage-leaTes, in the axils of which dichotomonsly 
branched inflorescences are developed. Both the male and female flowers are 
borne in cones ; they are monoeoions. 



DIVISION B. 
ANGIOSPERM-ffl. 

The ovules are enclosed in an ovary. The endosperm is formed in 
the embryO'SaCy after fertilisation , by free cell-formation. 

The flowers are for the most part hermaphrodite. The axis of 
the inflorescence is nsnally expanded, forming a receptacle or torus 
on which the closely packed floral leaves are arranged either in 
whorls or in a spiral. Each of the three sets of organs — ^the 
perianth, the androecium, and the gynoecinm — when the arrange- 
ment is spiral, forms one or more tnms of the spiral ; when the 
arrangement is whorled, each consists of one or more whorls. 

The growth of the axis of the inflorescence (excepting in certain 
abnormal instances) terminates in the production of the uppermost 
series of floral leaves. Buds never occur in the axils of these leaves, 
except in the case of monstrosities. The portion of the axis below 
the flower is nsnally prolonged and is called the peduncle^ it is 
commonly furnished with one or more bracteoles (prophyUa), 
When the peduncle is very short or suppressed the flower is said 
to be sessile. 

The Perianth is completely absent in comparatively few families, 
e.g.y PiperaeesB. In most it consists of two series of organs differing 
in their structure and texture ; the outer, called the calyxy composed 
of the sepals, and the inner, called the corollay composed of the 
petals ; when this is the case it is said to be hiseriate.. The Sepals 
are usually firm in structure, of a green colour, and small in size ; 
the Petals are more delicate, and are white or coloured, e.gr., Kose, 
Geranium, Flax. In many cases one or other of these two series 
is wanting, although it is well developed in allied plants : thus 
the calyx is wanting in the Compositae, and the corolla in Caltha 
and Daphne. In the latter case the calyx usually assumes the 
texture of the corolla and becomes petaloid. Other plants have 
a simple perianth, one, that is, which does not present any dis- 
tinction of calyx and corolla, and which cannot be proved to repre* 
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sent either the one or the other, when it is spoken of simply as a 
perianth. It ia nsnally aopaloid (Stinging Nettle), more rarely 
petaloid (Aristo lochia). The individual leaves of the perianth may 
be either perfectly separate (^eleutheropetalous or polypetaloui corolla, 
el^utherosepaious or pohjsepaloua calyx), e.g., Bannncnlns ; or they 
may cohere from the baae upwai-ds, so ns to form a longer or shorter 
tube, which dividea at its upper end into as many teeth or lobes as 
there were originally leaves (gamosepaloas calyx, gamopetalous co- 
rolla) (Fig. 138 ABCc and E k) ; e.g., the Primrose and the Tobacco 
plant. In Diaiithns (the Pink) the sepals alone are coherent, as also 
in Daphne (Fig. 138 D) where the corolla is absent. More rarely 
all the leaves of the porianth cohere to form one tnbe, e.g., the 



; the six lobes of the tnbe correspond 



Hyacinth and allied ger 
to the throe sepals and 
the three petals. The 
simple perianth also 
may consist of separate 
leaves (eleutheropliylloug 
or pohjphyUoas peri- 
anth), e.g., Amarantns, 
or the leaves niay be 
coherent (gamophyllout), 
e.g., Aristo lochia. 

The degree o£ diviBion 
presented by gamophylloua 
5Mri&ntlia into teeth or lobea 
is indicated by the auno 
tenna which are ased in de- 
•cribing tbe inaiMon of the 
leaf-blade (page 12). The c 
form of the gaiiiop<>ta!ou 
corolla may tecam/i«nu(al(, ' 
as in the CampaDQla: fun- 
ttfl-ihaped (or in/undiliull- 
/onn), as in the Bind-weed (Fig, 13S^}; rotate, as in the Elder (Fig. 138 c). 
The upper and lower portions may frequently be diatinguished, the lower as 
iht tube (Fig. 133 B r), the upper expanded part as Cfu! limb (Fig. 138 B i). 
Other peculiarities ol form are connected with the symmeti; of the Qowei 
(page 194J. 

The petal frequently consists of two parta, the daw and the Umb, 
as in the Pink (Fig. 139 A B). The Corona (parwiorolla) in the 
NarcissDS and Lychnis is farmed by lignlar outgrowths from the 




1. tsa,— CoborenC sepaln and petal*. 
BB-pftrtfiecftljn (t). B Siwiima TaUomn, 
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claws (Fig. 139 B I). Any segmentation of the petal, aa in the 
Pink (Fig. 139 A) ie nnnsual ; emar^nate or obcordate petals are 
more common. In many caaee the petals have spnr-eliaped appen- 
dages (Violet), or they are prolonged at the base into tabes, ae in 
Helleboms and Aconitnm. This peculiarity is connected with the 
secretion of the nectar (page 194). 

The ealiculue or epwalyx is formed by leaves which grow close 
nnder the tme calyx of the flower ; such are the smaU leaves which. 
alternate with the sepals in Potentilla (Fig. 139 a) and in MiJvm. 
In some cases these leaves are the stipnles of the sepals, in others 
they are bracts developed close beneath the calyx. Snch an 
arrangement of leaves close beneath the flower, so that on a 
snperficial view they seem to form part of it, is of freqnoit 
occnrrence, as in Anemone Se^atica. 




Fis. ISa.—A Pet4il ol iXanaui nprrbui. wlCh (n) tba Clair a.ud (p) tha Umb, maah iM ^^^ 
B Peul DC LfcliDis 1 n ol»w -, p limb i 1 Ugala. C Flowsr of FotentillA, hsu from ML ^"^ 
a corolla; t calj^i a eplcalji. 

The Andrceeivm consists of the male organs of the flower, '^^-' 
stamens. Each stamen consists of two parts ; a slender st^^^ 
called the filament (Fig. 140 »), and the organ which contains ts-* 
pollen-saca (Fig. 140 Dp), known as the anther (Fig. 140 a). T'^f^ 
anther consists of two longitudinal halves, each of which nsnalX.^ 
contains two pollen-sacs ; these two halves are united by the npp^*^ 
portion of the filament which is known as the connective (Fig. \4^ 
c). This is occasionally very narrow, so that the two halves of the 
anthers lie close together (Fig, 140 Aio); in this case it may lie 
that the connective is not sharply marked off from the filament, 
and then the anther is simply attached to the npper end of the fila- 
ment (innate) ; or it may be articulated aa by a joint, so that the 
anther with the connective can oscillate on the apex of the filiuncnt 
(vermtik anther, Fig, 140 A^. But the connective is ofton broader, 
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BO tliat the two Iialves of the anther are widely separated (Fig. 140 

B) ; it may be much elongated and very delicate, so that, with the 

filament, it forms a T-shaped body (Fig. 140 C) ; in this plant, the 

Sage, the further pecnliarity is exhibited that one-half of the anther 

is abortive and is modified for another pnrpose. It is only rarely, 

as in* Herb Paris, that the connective is prolonged beyond the 

anther into a point, or into a bristle, as in the Oleander ; the two 

lialves of the anther then appear to be placed laterally on the 

filament. 





-^o. 140.— stamen. A^ Of Lilinm; a fila- 
^^«»t; a the anthers. A, Side view. B Of 
, *'*^; e connective. COf Salvia; b is the 
^^iT of the anther that has been modified. 

■^^^^nsverse section of the anther of Hyperi- 
^*^^ (magO ; P the 4 pollen-sacs ; c conneo- 



Pro. 141.— ii Stamen of Allium. B 
Of Vaccinium Myrtxllug, C Of Paris 
quadrifolia (mag.); / filament; c 
connective; a anthers; h appen- 
dages; p the pores by which the 
anther opens. 



T?he filament is usually ronnd and stalk-like, of a delicate 
^^loured or colourless tissue ; it is occasionally flattened ; when it 
^ Very short the anthers are said to be sessile, 

la some plants, e.g.. Allium (Fig. 141 A), the filament has 

Appendages; in others, e.g.. Erica (Fig. 141 B) and Asclepiadcfie, 

^e anthers themselves are furnished with appendages, such as 

^pnrs and so forth. In certain plants, as Eicinus and Hypericum, 

^he stamens, that is to say the filaments, branch, either, like most 

leaves, in a plane perpendicular to the median plane, as in Myr- 

tacesB, or in various directions, as in Ricinus (Fig. 142) ; an anther 

is home on each of the branches of the filament. 

Somewhat similar in appearance, but essentially different in 
stmctore, are the coherent stamens of the Papilionacese and other 
plants. The stamens of each flower may be collected into a bundle, 
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commonly into a tnbe, or into gronpa of two, three or more, when 
they are Baid to be mono-, di-, Iri-, or poly-adelphtnu. The anthers 
and the npper portion of the filaments commonJy remain free. The 
arrangement becomes highly complicated when the filaments are 
at the same time coherent and branched, as in Malvacen- In the 
Compoedtn, e.g., the Sunflower and Thistle, the filaments are fre^ 
but the anthers become coherent (syiigenetiout), tfaongh they are 
not originally nnited. 

Besides these varieties of arrungement, it frequently occnrs thai 
the filaments adhere to other portions of the flower, partdcnlarly of 
tho perianth, so that they — or wben they are veiy short, the uithers 
— appear to be inserted not npo'i the axis of the flower, but npon 
the leaves of the perianth {epipetaloae 
or tpiphylloai). This condition is 
most frequently present when the 
petals themselves are connate and 
form a tnhnlar corolla, e.g., Primnla. 
, The adheuon of the stamens to 
the carpels is of rarer occorrence, 
e.g., Orchidacefe; the flower is then 
termed gijHandroui. In many flowffln 
it happens that certain filaments, oo- 
cnpying a definite position with re- 
gard to the other parts of the flower, 
are longer than the others ; thus, of 
the six stamens of the Cracifene 
{e.g., Rape and Cabbage), four u« 
' mnch longer tlian the other two ; of 
f u» tlie foor stamens of the Labiatte (e.g., 
a the Laminm), two are longer than the 
other two. In the former case the 
stamens are said to be lelradijiMnww, in the latter didynamout. 

Stamens which bear no anthers and which present to a certain 
extent a leafy appearance are called tlaminodia ; they occnr r«^- 
iarly in some flowers (e.g., Canna). Double flower* are produced by 
the assnmption of a petaloid appearance by the whole of the 
stamens— or the larger number of them.* In many flowers which 

• In other cum the ■•doubling" is the remit of a, mnltiplioBtion of the 
pet»la, the uidnBdiun remaining onaltored, e.g.. Campanula. The sch»IIkI 
doubling ol Compodtw resembles this in its external features only. This will 
U discuswd when the Order ia under oonudetatioo. 
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baye a spiral arrangement of their parts, e,g.^ Njmphaaa, there are 
iatennediate forms between the petals and stamens, so that the 
passage from one to the other is gradual. 

The poUen-saes are contained in the anthers, two, commonly, in 
each half (Fig. 140 Dp) ; more rarely there is only one, or there 
may be fonr. The pollen is shed by the dehiscence of the anthers, 
usually in considerable quantity. The mode of dehiscence of the 
anthers is indicated by their structure ; some, as in Ericaceae, open 
Yyj a circular pore at the apex of each half of the anther, but most 
of them have a longitudinal slit on the inner side, i.e., the side facing 
-fclie centre of the flower (Mrorae), or on the outer side (extrorse). 

When the pollen-grain reaches 

'khe stigma (see the next section), or 

x£ ill is immersed in a solution of 

angar, the intine, or inner coat of 

iihe grain, protrudes one or more 

long tubes, the poUen-ivhes (Fig. 

1^ i). The spots at which the 

CXtilie, or outer coat, is thus rup- Fio. 14S.— Pollen-gn^ of Bpilobiam 

^awa by tne growmg ceu are ^^^^. ^ ^^^^^, a b c the three spots 

^Unally indicated beforehand by where the eztlne is thinner in anticipation 

some peculiarity of structure such ;' *^« ^""I^^^ °' "^^ poiien-tube (.). 

r J developed in this case at a. 

^ a special thinness, or a lid-like 

development of the extine, and are also definite in number (1, 2, 3, 

^ 6 or more). 

^Tlie poUen-grains of some Orchids and a few other plants never 
^pQjate but remain united in masses (pollinia) corresponding to 
^^ several poUen-sacs. 

^he QynoBciwn or Tistil is always the terminal structure of the 

"^'W^er, occupying the apex of the floral axis. Each of its con- 

®**trnent parts is called a carpel^ and in the Angiosperms they form 

™^ mariea^ which are closed cavities containing the ovules. If in 

a flower where there are several carpels each of them closes by the 

^^^esion of its margins, they form so many ovaries ; the gynoecium 

^ then said to be apocarpous (Fig. 144 A), e.g., Banunculus, 

^^eonia, and Butomus ; if there is only one carpel (Fig. 144 B), the 

pUtil is said to be apocarpous and simple ; if several carpels in one 

flower cohere and form a single ovary (Fig. 144 0), the gynoecium 

18 said to be syncarpous, e.g.. Poppy and Lily. Intermediate forms 

occur in that the carpels may cohere by their lower ends whilst 

their upper ends remain free (Fig. 144 D). 
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The ovary is said to be moiiomerotis when it is formed of only one 




Fio. 141.— il Apooarpoot gynoBcioxn of Aconite. B Simple apocarpoas pistil of Melilotns. 
C Tetramerous sjnc&rpoas pistil of Rhamnas. D Ovary of Sazifrafira, formed of two carpels 
which diverge towards the top ; t torus ; /ovaries ; g style } » stigma ; h ventral sntore. 

carpel (Fig. 145 A), the margins of which cohere on the side 
opposite to the midrib. The side along which the midrib mns is 
the dorsal surface (Fig. 145 A r) ; opposite to it is the line of 
cohesion, the ventral suture, which runs therefore on the ventral 
surface. The cavity thus enclosed (loctdiis) is not usually divided 
by dissepiments, but it is a simple cavity, as in the Vetch ; such an 
ovary is said to be unilocula/r. False or spurious dissepiments, formed 
by growths on the inner surface, occur in some few instances, as in 
Astragalus. 






Fie. 145.— Transverse section of ovaries; p placenta. A Monomerons and nnilocalar; 
r dorsal sntore ; h ventral sutore. B Folymeroos and unilocular. C Polymerons and manjr- 
chambered, but unilocular. D Polymerous and multilocular. 

When, on the other hand, several carpels cohere to form an ovary, 
it IB polymerous (di-, tri-, or tetra-merous). This may be unilocular 
(Fig. 145 B) when the individual carpels cohere 'simply by their 
edges, without any portion of them projecting inwards ; but if the 
margins project into the cavity so as to form longitudinal dissepi- 
ments, the ovary is chambered (Fig. 145 (7), e.g., Poppy ; but since 
the chambers are open towards the middle, the ovary is still unilo- 
cular. Wheu the margins form dissepiments which meet in the 
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ntiddle, the ovaiy is muUUocular ; sometimes the margins torn 
ontwards again towards the circamference. In these cafiea the 
iodiTidoal locoli are completely separated, but there are others in 
which the margins of the carpels do not extend so far towards the 
centre at the upper part as at the lower, bnt the two margins of 
each carpel simply cohere together above ; consequently the tower 
part of the ovary is polymerous and multilocular, while the upper 
part is composed of a number of monomerous ovaries, e.g., Saxifraga 
(Fig. Hi D'). In all these cases the floral axis may grow up into 
the interior of the cavity of the ovary, and when the ovary is 
multilocular the axis may coalesce with the dissepiments. 

False dissepiments may be formed in polymerous ovaries by 
ingrowths from the internal surface of the carpels ; thus the ovary 
of the Boraginete and Labiatra is originally bUocnlar, but each 
loculus becomes divided into two by a frfse dissepiment, and when 
the fruit is ripe the fonr locnli separate completely. 




When the axis grows, as is usually the case, equally in all parts, 
the gynoBcium, being nearest to its apex, is the uppermost part of 
the flower. When this is the case its inseri^ion is above that of 
the stamens and perianth (Fig. 146 H), and the ovary is said to be 
tuperior and the flower hypogynout, as in Ranunculus, Papaver, 
T^linm, and Primula. Bnt in a great number of plants the perianth 
and androecium are raised by the more vigorous growth of a lower 
portion of the axis (as represented by the outer portion of the 
torus) and stand on a circular rim surrounding the apex of the axis 
which lies at a lower level. Of this condition two different forms 
occur : — in the one, the carpels are inserted in the depression at the 
updx of the axis (Fig. 146 P), and there form one or more ovaries 
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which are invested by the raised rim of the axis ; they are quito 
free from it, primarily at least, though they may subsequently be- 
come adherent to it ; in such cases, as in the Bose and Apple, the 
flower is said to be pei*igijnou8 : in the other, the carpels spring from 
the upper rim of the cavity which is formed by the axis itself and 
simply cover it in at the top ; such flowers are said to be epigynmis, 
and the ovary to be inferior, 6.^.,Gt)urds and UmbellifersB (Fig. 146 E). 
Many transitional forms between these two extremes are found. 

The inferior ovary of epigynous flowers is rarely monomerous, 
that is to say, the cavity formed by the axis is but seldom closed by 
one carpel only ; it is commonly polymerous, but it may be either 
unilocular or multilocular ; in the latter case, the margins of the 
carpels grow down along the internal surface of the cavity. 

The Style (Figs. 144 and 147) is the slender prolongation of the 
upper part of the carpel : monomerous ovaries have but one style, 

polymerous ovaries have as many styles as there are 

carpels; these may cohere throughout their whole 

length or at their lower parts only, the upper parts 

remaining distinct ; or they may remain quite free, 

and. they may even branch. The style originally 

arises from the apex of the ovary, but it is frequently 

displaced forwards, by the vigorous development of 

the dorsal portion of the carpel, on to the inner side» 

so as to appear to be a prolongation of the floral axis. 

This is conspicuous in the BoraginaceaB and LabiatsB, 

where it is surrounded by the four rounded portions 

of the ovary which have been already mentioned 

(Fig. 222). The style is sometimes very short, and 

appears only as a constriction between the ovary 

Pio. 147.— Gy- and the stigma, as in the Poppy. In some rare 

i^jTf ovary; y cases it is hollow, but it is usually filled with a loose 

style; n stigma tissue. Called Conducting tissue, through which the 

(nat. size). pollen- tube can easily penetrate. 

The Stigma (Figs. 144 and 147 n) is the uppermost end of the 
carpel; it is distinguished by being covered with papillae, or fre- 
quently with hairs, and by the secretion of a sticky fluid which 
retains the pollen-grains which fall upon it, and which promotes the 
development of the pollen-tubes. The stigma is often evidently 
distinct from the style, appearing as a lobed expansion; in other 
cases it soems to be merely a portion of the style at its end, or 
sometimes on its side. In Papaver it is a sessile disk-shaped 
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expansion on tlio npper anrface of the ovary ; more rarely it is 
represented by bands of papOlte on the ovary itself, when it is said 
to be pleiiTogynouK. 

The Oauleit are always enclosed in the cavity of the ovary either 
singly or in larger or smaller nnmber. Usnally they may be readily 
seen to be appendages of the carpels (Fig. 148 A, B, G, £), but in 
many cases they appear to be special organs developed in the cavity 

from the floral axis. However, from careful compcr.itive eiamina- 

^^tfiott, it eeema that these apparently axial ovules ai'e to be regarded 



Tio. 1W.— DlBgnm ot Cba diffannt mndea Df Flacaat&tlnn. A Carpal of Hellebonu. 
opeDAl ktong the vetiCrBl lutnrg i • the onil«i on {q) tba manfinal pIsdeuM. S Tmniiranse 
•eotionof ChaoTuyof NiPottiui«( /•HiU of [heoiTwy; ^ plaoenta, largaiy daveloped by Iha 
BDioQ Df tha mugliu or Iha OBrpali <iii1Ib plaeentMloal. C TraiuTene seollan ot the 
oTuy of Baiomiu. Tbe dvuIah ar« Mattered over the vhola of the inoar nurfft'Ta, except tbe 
midrib, m (Bapccflclal pluenlatkia). D Langilndiiul neotioii of an ovar; of one of tha Compoi 




1" !•] 1 



Bbytl, 



1B BdHpfloded. y Lon^tudioAil AectiOTi of Ehetim; a ilb^leoTUlB groiTBat the apex of tbo 
Uml liilB. 6 LoiurltiidlQal Hction of lbs ovary of one of tha Piima!u»ffi; the ovnlea 
aroiT on a prokmicuian of the uii (tree ceacnl placsataiiaii). Fig. lU B rcpresonts 
parietal plAceoiAtloa. 

as being originally appendages of the carpels, their position on the 
axis being nierely the resnlt of a more or less considerable displace- 
ment due to the coalescence of the carpels with the axis. That 
portion of the ovary which bears the ovnles is called the ^ilacetita. 
In most cases it obvionsly belongs to the carpels, and oven in cases 
of free central placentation (Fig. 148 F, 0) it probably does, in part 
at least, also (Figs. 145 p, 143 q.) 



194 PART IT. — THE CLASSmCATICHI OF PLAHT8. 

The ovules borne by the carpels are nsnally margindlj that is to 
say, the placenta occupies a part or the whole of the longitudinal 
margin of each carpel, and bears either a single ovule or a single 
row (rarely more than one row) of ovules (Figs. 1452?, 148 A q). 
In polymerous ovaries the coherent margins frequently undergo a 
considerable thickening (Fig. 148 B q). The ovules are more 
rarely superficial, that is to say, borne upon the whole interior sur- 
face of the carpel, the midrib however usually remaining free (Fig. 
148 0). 

The apparently axial ovules are developed sometimes on the floor 
of the cavity of the ovary (Figs. 129 and 146), sometimes at the side 
of the apex of the axis, as in the Compositso (Fig. 148 D), some- 
times as prolongations of the axis, as in PiperacesB and Polygone» 
(Fig. 148 F), sometimes on a placenta developed in the cavity of 
the ovary at the apex of the axis, as in Primulaceie (Fig. 148 O). 

The direction of the ovule varies ; it may be erect (Fig. 148 D, JP), 
or gtupetided (Fig. 148 E), or horizontal (Fig. 148 A), or ascending. 

The Nectary is a glandular organ which secretes an odorous or 
usually a sweet fluid much sought after by insects. The nectaries 
are not distinct parts of the flower, but are developed on the other 
organs ; thus in Bheum they occur at the base of the stamens ; in 
the UmbelliferaB, as fleshy excrescences on the carpels; and in 
Citrus as an outgrowth of the floral axis below the carpels. When 
they have the form of an annular wall or a cushion, they are termed 
discs {e,g.y in Rhamnus). Sometimes, however, certain leaves of 
the flower are greatly altered in form and entirely diverted from 
their proper functions by ,the development of the nectaries ; this 
happens in the Gesneracese to one of the five stamens, to the petals 
of Helleborus and Aquilegia, and to one of the petals of Viola, 
among many instances. 

Belative Position and Number of the parts of the FUnoer, Sym- 
metry of the Flower, The leaves forming the flower, like those borne 
by the vegetative part of the stem, are frequently arranged spirally, 
and the divergence is most commonly -f, but higher divergences 
also occur, especially in the androecium, when numerous small 
organs are inserted upon an expanded axis (e.^., Banunculus). In 
the spiral or acyclic flower there is either no well-marked distinction 
of the various series, that is, the members of the calyx and of the 
corolla and the stamens are connected by intermediate forms (as in 
NymphsBa), or the various series are sharply defined, each series 
taking up one or more turns of the spiral. In the latter case, if 
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the divergence is constant, the members of sncccssive tarns of the 
spiral are superposed, that is, they lie on the same radii drawn from 
the centre of the flower : this is well seen in many Urticaceee, where 
the members of the perianth and the stamens are arranged in a 
continnons spiral with a divergence of -f, each series taking np two 
turns of the spiral : here the five stamens are superposed npon the 
five leaves forming the perianth. 

Many cyclic flowers — ^flowers, that is, the leaves of which are 
arranged in whorls — ^are very closely related to the latter form of 
acyclic flowers ; this is shown by the fact that these two modes of 
arrangement are exhibited not only by the flowers of closely allied 
plants, bnt also by flowers of the same species. In this case, instead 
of there being five perianth leaves taking np two tnms of a spiral 
with a divergence of ■§■, four or six leaves are present, arranged in 
two whorls consisting of two or three leaves respectively. Since 
the same arrangement exists in the andi'oecinm, these two series of 
organs form four regularly alternating whorls, each consisting of 
two or three members. The two whorls of the perianth may be 
differentiated, as in most Angiosperms, into calyx and corolla, or 
they may together form a simple perianth, as in many Mono- 
chlamyde89. 

In other cyclic flowers the alternating whorls consist each of five 
members, and in these cases too, two of the whorls (calyx and co- 
rolla) belong to the perianth, the other two to the androeciam. If 
instead of five, only four members are present in each, the calyx 
usually consists of two whorls each of two members, with which 
the whorl of petals alternates. When the perianth is differentiated 
into calyx and corolla and two whorls of stamens — consisting of the 
same number of members — are present, one whorl of stamens is 
opposite to or superposed on the sepals, and the other is superposed 
on the petals. Other less frequent modes of arrangement will bo 
treated of in connection with the plants in which they occur. 

When cyclic flowers consist of alternating whorls each containing 
the same number of members, they are said to be eucyclic. The 
number of members in a whorl is indicated by the expressions di-, 
tri-, tetra-, penta-merous, etc. ; whorls containing the same number 
of members are said to be isomerous. When the members of a flower 
are arranged, some in whorls (usually in the perianth) and the 
others in a spiral (usually in the androecium), the flower is said to 
be hemicyclic. 

These various arrangements, as in the case of the arrangement 
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of the foliage leafen, are most clearly represented by meana of 
diagrams. In a floral diagram, the calyx liea externally, and the 
gynoecinm, as being the uppermost series or organs (even in epigy> 
nona flowers), lies most internally. In order' to be able readily to 
distingnish the varioas series, symbols are used which recall some 
pecnliarity of their form ; thus the mid-rib of the sepals is indicatedi 
and in the case of the stamens, the anthers. 

It only such relations of position as can be observed in a flower 
are indicated in the diagram, a simple empirical diagram is the 
resnlt. If, however, the resnlts of the investigation of the develop- 
ment of the flower and of the comparison of it with others be borne 
in mind, a general plan of arrangement will be detected, and the 
individual pecnliarities of arrangement, qnite apart from any TariS' 
tion in the form of the organs, will be seen to be dne either to the 
suppression of one or more whorls or of one or more members of a 
whorl, or, more rarely, to a multiplication of the whorb or of th^ 
members. If, however, the organs which are absent, bat which 
should be typically present, be indicated in the empirical diagram 
by dots, it becomes a theoretical diagram. In this way it is possible 
to arrive at general types on which large nambers of flowers are 
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constructed. Fig. 149, for instance, is the empirical diagram of the 
flower of the Lily, and it is at the same time the type on which the 
flower of Grasses (Fig. 150) is constructed in which certain organs 
are suppressed. 

Under the head of multiplication of parte, reduplication or pleio- 
mery — that is, the formation of two members in a whorl in place of 
one (Fig. 151) — must be especially considered. This is the result 
either of the branching of a member at an early stage, or of the 
original development of Iwo members in the place of one. 

The regular alternation of the whorls (especially when they 
consist of four or five members) in encyclic flowers is often distorbed 
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by a displacement of such a nature that the inoer staminal whorl, 
which is normally enperposed on the petals, and alternates with the 
sepals, com.ea to lie in the same plane as the outer whorl, or eveii 
estemally to it (Fig. 152). • 

Hitherto nothing has been Eaid as to the 
arrangement of the gyncecinm in the flower, for 
it does not stand in such simple relations with 
the other Bories of mcnbers as they do to each 
other. Very frequently tte number of carpels 
is smaller than that of the members of the other 
series, and in such a cuae their arraogemeat is 
quite irregular. If the gynoecium is isomerons „ 
with the calyx, corolla, and andrcecium, the '■ 
carpels usually alternate with the inner whorl i,et„.eenti«i 
of stamens, as in most Monocotyledons (Fig. (eii*niai) whotl; tbecar- 
149). When the above-mentioned displace- p^^^^'™ th^t'^"y t!re 
ment occurs in the androecium, the carpels BuperpiMedDnibflBtaoiciu 
sometimes alternate with the actually intemid "( the inner wbraL 
v-horl of stamens, sometimes with the whorl which was primarily 
internal. 

The number and the relations of the different parts of the flower 
maybe indicated not by diagr.T,m3 0nly,but alsoby torniulio.in which, 
as in the diagrams, for the sake of clearness, all the peculiarities of 
development are overlooked. Thus the diagram (Pig. 149) may be 
expressed by the formula i'3, C3, A3 + 3, G^, which means that 
the calyx K, and the corolla C, each consist of a single whorl oE three 
members, the andrcecinm of two whorls each of three members, and 
the gynoecium of one whorl of three members, all in regular alterna- 
tion. When one whorl is superposed on another, the superposition is 
indicated in the formula by a line | between the whorls. If 
the number of members in any whorl is variable, the letter u is nsed 
instead of a number. Thus, for instance, Ka, Cn, Aa + n, Gn is the 
theoretical formula of most Monocotyledons. The absence of a whorl 
is expressed by a cypher 0, and of individual members by the number 
of those actually present. Thus the formula for the flower of a Grass 
(Fig. 150) is EQ, 02, A3 + 0, G^^. The bracket in which the 
number of the carpels of the gyncecium G is here enclosed, indicates 
that the members thus bracketted are coherent. Superior and 
inferior ovaries are indicated by a stroke below or above the 
corresponding flgnre, and reduplication by the exponent 2 ; thus 
the diagram (Fig. 151) ia represented by the formula £2 -V 2, 



108 PART 17. — THE CLASSinClTlON OF PLANTS. 

C X 4, -42 + 2*, G^, the x after indicating that the position 
of the petals is diagonal, i.e., that the fonr petals alternate with 
the fonr sepals, as if the latter all belonged to the same whorl. 
Staminodia may be distingmshed by a f before the figure. The 
position of the carpels in those cases in which the above-mentioned 
displacements of the stamens have occurred is indicated by a | 
placed before the number, which means that they are superposed 
on the petals. When the perianth is not differentiated into calyx 
and corolla, it is expressed by the letter P ; thus, the formula for 
the flower of Asarum is PS A6 + 6, (?7jj-. 

The relations of position between the floral organs and the leaves 
which precede them yet remain to be considered. These can be 
most readily made out in the case of a lateral flower ; of a flower, 
that is, the axis (peduncle) of which springs from the axil of one 
of the leaves of the main stem, and bears no leaves except the 
bracteoles and the floral organs themselves. A plane which, passes 
through the flower, and also through the main stem and the median 
line of the subtending leaf (bract), is termed the median plane or 
section of the flower ; the plane which cuts this one at right angles 
is termed the lateral plane or section ; and the plane which, bisects 
the angles made by the median and lateral planes is the diagonal 
plane or section. By means of these expressions the positions of 
the parts of a flower may be accurately indicated ; thus, in speak- 
ing of the flower of the CrucifereB (Fig. 151), the external whorl 
of sepals lies in the median plane, the carpels in the lateral, the 
petals in the diagonal. In all floral diagrams the position of the 
main axis should be indicated by a dot placed above the diagram ; 
the bract, which would be of course exactly opposite to it, need 
not be indicated. The side towards the main axis is said to be 
posterior, and that towards the subtending leaf, anterior. 

Many flowers, most Monocotyledons for instance, have only one 
bracteole (prophyllum), which is nearly always placed opposite to 
the bract, that is, posteriorly to the flower. When this is the case, 
a leaf of the trimerous calyx is placed anteriorly. 

If two lateral bracteoles are present (usually indicated as a 
and P)j as is the case in most Dicotyledons, the sepals, if the calyx 
is dimerous, are median ; if the calyx is trimerous or pentamerous 
(whether it be whorled or spiral), one sepal is median and posterior. 

It is obvious that such a flower as that represented in Fig. 153 
can be divided into two symmetrical halves, resembling each other 
as an object and its reflected image, in one plane only, and that a 
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incides with the median 



1 Fig. 153, into two 




jrtical plane. la thia case this plane ci 
gtlane of the flower. 

Flowers which can be divided, like the i 

mmetrica! halvea in one 
Lplane only (which may or 
may not coincide with the 
median plane) are said to be 
moTiosymmetrical or tygomar- 
phic, and in ayatematic works 
they are termed irregular. 
If a flower can be symmetri- 
cally divided in more than 
one plane, it ia said to be 
polyst/mmelrical. In Bnch 
flowers two cases may occnr : 
in the one, the flower is re- 
gular or actinomorphic, that 
is, the halves produced by all 
possible sections are similar, ^ 

or in other words, the flower norpbio Corolla (mag,), 

may be divided into a number of similar sectoi's (see the diagrams. 
Figs. Ii9 and 152) ; in the other, the halves produced by one 
section are nnlike those prodnced by another, and anch flowers 
also are said to bo zygomorpliic or irregnlar. Those flowers are 
said to be as^mmetrinal which cannot be symmetrically divided by 
any section whatever. 

These eipreaaioas apply as well to the 
nnmber aa indicated in floral diagrams, o 
flower. It frequently happens that a flo 
regular at it^ flrat appearance, sahaequE 
as in Dictamnns and in the Legumij 
flowers alao, the diagrama of which do not indicate any anch 
condition, often aaanme a zygomorphic form, aa in Aconitum. The 
zygomorphic symmetry of a Bower is indicated in ita floral formula 
by symbols; whea the plane of symmetry coincides with the 
median plane the symbol \^ is used, and when it coincides with the 
lateral plane the symbol ^. 

Actinomorphic flowers sometimes oocnr abnormally, more eape- 
oi&lly near the extremity of the axis of infloreaoence, in plants the 

Ejra of which are noi-mally zygomorphic. Such flowers aro 
to hepelorio. 



} relations of position and 
ts to the form of the perfect 
iwer which ia more or less 
intly becomes zygomorpliic, 
I and LahiatiE ; spiral 
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Pollination, It is essential, as a preliminary to fertilisation, that 
the pollen should be conveyed to the stigma. In a great number 
of hermaphrodite flowers, particularly such as are small and incon- 
spicnons, the pollen is conveyed to the stigma of the same flower 
by very simple means; in some cases the pollen falls on to the 
stigma which lies at a lower level than the anthers, in others the 
close juxtaposition of the organs allows of its immediate transfer 
to the stigma so soon as the anthers open. In certain cases flowers 
are so modified as to ensure this self-fertilisation ; instances of this 
are found in species of Viola, Lamium ampleodcaule, Oxalis Acetosella, 
and others ; these plants bear, in addition to their ordinary flowers, 
others which have an inconspicuous perianth which does not open ; 
on account of their peculiar structure these flowers are said to be 
cleistogamous. In all these cases fertilisation is perfectly effected 
by the pollen of the same flower. It is, however, self-evident 
that, when flowers are diclinous, the pollen must be conveyed to 
the stigma of one flower from another ; and it is now known that 
in a vast number of hermaphrodite flowers also, pollination is 
commonly efEected by the transfer of pollen from one flower to 
another (cross-fertilisation). The conveyance of the pollen is 
efEected in the case of a number of plants with inconspicuous 
flowers, such as the difPerent Cereals, by the agency of the wind, 
when they are said to be aneniophilotts ; but in the case of such 
flowers as are conspicuous by their size, colour, perfume, and 
by their copious secretion of honey, the insects which visit the 
flowers for the sake of the honey, as well as to gather pollen for 
food, perform this important function ; these flowers are said to be 
entomojphiloiis. In some of these cases it has been demonstrated that 
it is only the pollen of other flowers which can efEect fertilisation, 
that the pollen of the flower itself is useless, or even injurious, and 
that consequently cross-fertilisation is indispensable. In other 
cases the pollen of the same flower, though not absolutely useless, 
has far less fertilising power than that of another flower ; under 
these circumstances cross-fertilisation is advantageous. In other 
cases again, the pollen of the flower itself has as powerful a fertilis- 
ing efEect as the pollen of other flowers, but the superiority of 
cross-fertilisation is shown by the greater vigour of the progeny 
which are the issue of the crossing of two individuals. ' 

In those flowers to which cross-fertilisation is indispensable or at 
least important, the most various contrivances are exhibited for the 
purpose of hindering or limiting self -fertilisation on the one hand, 



GROUP IT. — PnANEIKHlAMS. 20l 



I the other of fa^Ditating cross- Eertiliaation, or finally, in 
default of croBS-fertiliaation, of ensoring nltimate self- fertilisation ; 
this last, of course, only in those cases in which the poUea of the 
flower itself is capable of fertilising it ; for it is CTident that self- 
fertilisation, even if not yery advantageous, is at any i-ate of some 
use to the plant. 

Among the contrivances for the prevention of self-fertilisation, one 
of the simplest is the arrangement of the anthers and stigma in 
snch positions that the pollen cannot possibly reach the stigma of 
the same flower, e.g., Ariatolochia (Fig, 154), or secondly, the abor- 
tion of all the male organs in some flowers and of all the female 
oi^anfl in others ; in such flowers the organs in qnestion are present, 
but they are not functional. This is an approach to the diclinooB 
condition ; it occnrs in the Tiger-lily, in which the anthers are 
commonly abortive in some flowers and the ovaries in others. 
Thirdly, dichogamy frequently occnrs, that is, that the stigmas and 
stamens attain their functional activity at different times ; flowers 
in which this occnrs are either protandroTtt, that is, the anthers are 
first developed and have already shed their pollen when the stigma 
of the same flower is capable of receiving it, or they arejirotogynous, 
that is, the stigma is fnlly developed before the anthers of the sanoe 
flower are ready to shed their pollen ; in the latter case self-fer- 
tilisation is obvionsly only excluded if the stigma is withered before 
the pollen is shed ; there are, however, protogynons flowers in which 
the stigma remains fresh for a long time and which may be fer- 
tilised by their own pollen. As examples of protandrons flowers, 
those of the Umbelliferse, and most of the Compositat, Lobeliacese, 
and Campannlaceae may be mentioned ; and of protogynons flowers, 
Aristolochia, Arum, Serophularia tiodoea, and some species of Flan- 
tago, bat this condition is less common than the preceding. 

Among the contrivances which lead to the cross-fertiliBation of 
flowers by the agency of insects, the means oE tempting insects to 
visit the flowers, snch as bright colonrs, odonrs, and the secretion 
of honey, must be first mentioned. The pecaliar marking of the 
flower serves in many cases the pnrpose of guiding insects to the 
nectary. The form of the flower, the situation of the honey, the 
position of the stamens, and their relation to the other parts of the 
flower, particularly to the stigma, the relative development in point 
of time of the different parts, all these c Ire nm stances combine and 
co-operate to aecnre crosB-fertiliaation, and sometimes to allow of 
the visits of particular insects only, as, for instance, of butterfliea 
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with long piobosces, though there are also cases in which the insects 
most occasionally convej the pollen to the stigma of the same flower. 
A simple arrangement of this kind, known as heterosiyUtm or du 
moTjphiim^ and which occnrs in the Primnlacete, Polmonariesey and 
others, may be mentioned here. These plants have two kinds of 
flowers ; in one form the stamens are short and the style mnch 
longer, so that the stigma projects above the anthers ; in the other 
form, on the contrary, the anthers are on long filaments above the 
stigma, and they are so constructed that the anthers of one form 
stand on the same level as the stigma of the other (Fig. 226). 
From the position of the nectary, and the form of the rest of the 
flower, an insect visiting it is obliged to take np the same position 
at each visit ; consequently after it has visited a flower of the one 
kind, when it visits a flower of the other kind, it touches the stigma 
of the latter with the same part of its body with which in the first 
flower it brushed the anthers, and thus the pollen which it carried 
away with it from the anthers of the one flower is transferred to 
the stigma of the other. Observations made by artificially trans- 
porting the pollen have shown that fertilisation is most complete 
when the pollen of stamens of a certain length is conveyed to the 
stigma of a style of the same length. The same is the case with 
ti'imorphic plants, e,g,, Oxalis : in these, three forms of flowers occur 
with three different lengths of styles and stamens. 

As examples of more complicated contrivances for the purpose 
of securing cross-fertilisation, Aristolochia and Epipactis may be 
described. 

The flower of Aristolochia Glematitis (Fig. 154) is protogynous ; 
insects can penetrate without difficulty down the tube of the 
perianth, which is furnished on its internal aspect with hairs which 
point downwards, and they thus convey the pollen they have 
brought with them from other flowers, to the stigma ; the hairs, 
however, prevent their return. When the pollen has reached the 
stigma, its lobes (Fig. 154 A and B n) spring upwards, and thus 
the anthers, which now begin to open, are made accessible to the 
insects ; these, in their efforts to escape (Fig. 154 Z), creep round 
the anthers, and some of the pollen adheres to them ; by this time 
the hairs in the tube have withered, and the insect escapes, dusted 
over with pollen which, in spite of experience, it proceeds to convey 
m like manner to another flower. Those flowers which, are ready 
for fertilisation have an erect position, and the tube of the perianth 
is open above so that the insect can readily enter ; after f ertilisatiou 
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e bends downwards and the tube is closed l)y tS» broad 
3 of the perianth, so that it is impossible for insects to enter 
flowers which have been fertilised. 

In the flower of Epipactis (one of the Orchidacese), the anther is 
situated above the stigma and does not shed its pollen in isolated 
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grains ; bat when a certain sticky portion of the stipna, known as 
the roglellum (Fig. 155 A), is touched, the entire pollen-sacs, together 
with the rostellum itself, are carried away. The insect creeps into 

E flower to obtain the honey which is secreted in the cavity of 
: 
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it withdraws from the flower, it carries away the rostellimi with 
the pollen-masses (polUnia), (In Fig. 155 the point of a pencil h 
has been introduced into the flower and the rostellnm has adhered 
to it.) The insect, on entering the next flower, deposits the pollen 
npon the stigma. 

In the course of frequent cross-fertilisation it is inevitable that 
the pollen of other species of plants should be applied to the stigma, 
but whDe the pollen of plants of very difEerent species is wholly 
without effect, that of nearly allied species, particularly those 
belonging to the same genus in certain groups, has a fertilising 
effect ; the result of such fertilisation is hyhridiscUionj that is, the 
development of a plant which combines the characters of both 
parents to a certain extent, and which is known as a hdstard or 
hybrid. Hybrids are for the most part sterile among themselves, 
but are often fertile when crossed again with a plant of either of 
parent-species or of some allied species. While hybrids are 

produced with great ease in 
certain genera, as Salix and 
Cirsium, in others the arti- 
ficial production of hybrids 
has never yet been found 
possible even between very 
closely allied species, as the 
Apple and Pear. 

Fertilisation* After reach- 
ing the stigma the pollen- 
grains protrude the pollen- 

Pig. 166.-Diagmm of an OTnle shortly after tubes which penetrate 
fertilisation: a outer, and * inner integument;/ , * 

funicle ; k nucellus. 8 Embryo-sac in which E is through the tissne of the 

the embryo developed from the fertiUsed oosphere. gtyle into the cavitv of the 
The sac also contains the endosperm-cells which are j xi. i_ i. 

being formed by free cell-formation. PThepoUen- Ovary, and through the 

tube, passing through the micropyle, n. micTOpyle of each OVule to 

its nucellus (Fig. 156 P n). The time required by the pollen-tube 
for this process depends partly on its distance from the ovule and 
partly on the specific peculiarities of the plant ; thus the pollen-tube 
of the Crocus takes only from one to three days to traverse the 
style which is from ^ye to ten centimetres in length ; but in the 
Orchids, where the length of the style varies from two to three 
millimetres, several days, weeks, or even months are needed, and 
it is during this process that the ovules are formed in the ovary. 
In the Angiosperms the embryo-sac always lies at the anterior 




OBOnP IT, — PBASEE004MS. 



205 



tarn 



id oE the nncellus, and it aometiraes projects from the micropyle. 
Tt usually contains three cells at its posterior and three at its 
anterior end; the former are the aiiiipodal cells, the latter are the 
ootphere with its two sister-cella the si/nergidip. The oosphero be- 
comes fertilised, and, in coaseqnence of fertilisation, it becomes 
Burrounded by a cell-wall, and elongates to form the empensor, at 
the posterior end of which the embry'o is developed (Fig. 156 E). 
Meanwhile the rest of the sac becomes filled with endosperm ; this 
is asnally first formed by free cell- formation, bnt in many cases 
it arises by the division of the embryo-sac. Thus the ovule becomes 
converted into the seed. 

In the endosperm the nutritions substances which will be needed 
by the young plant when it germinates, are stored up. In many 
seeds the whole or the greater part of the endosperm is absorbed 
by the growing embryo; in that case the nutritions substances are 
deposited either in the persistent and increasing tissue of the nucellus 
(aa in Canna and Piper, Fig. 167 B P), which is called the peri- 
tperm, OP in the germ itself, p p^ 

in its aotyledone, which at> '" 
tain a considerable size (as 
Bean, Horse-chestnut, 
Almond, Fig. 157 0). 

The Fruit. The effect 
fertilisation is not 
manifested only m the ^^^ ^^^ piri,pe™. PC Aimn«d. devoid of 

formation of the embryo endoBponn; t fhe lesla; < siahryoi u iU ndiEle; 

from the oosphere and of c « "« ™tjif"i""- 

the seed from the ovule ; but it extends to the whole of the gynce- 

ciam, and occasionally even to other parts of the flower. 

The word fmit, in its strictest sense, means the whole product of 
the development of the gyncecinm as a result of fertilisation. If 
other parts of the flower take part in the formation o£ the organ 
which is formed in consequence of fertilisation, and which contains 
the seed (of what, in short, ia commonly called the fmit), it is 
termed a sp^irioua fruit. The apple, for instance, is such a spurious 
fruit, for the outer fleshy part belongs to that part of the axis of 
the perigynouH flower which surrounda the ovaries and which still 
bears the sepals (Fig. 245 D). What are called the pips of the 
apple are the seeds. This kind of spurious fmit is termed a pome. 
The strawberry also is a spurious fruit ; in it the receptacle, which 
belongs of course to the aiis, devolopes largely and becomes fleshy 
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and bears Uis troe fruits (achenes) in the form of small liai^ 
grains. The fig is another example of a spnrions frnit (Fig. \9i) ; 
it is in fact a fleshy receptacle (i.e., an axis) which bears a multitude 
' of distinct flowers situated inside the cavity of the receptacle, and 
the individaal fmita appear as hard grains ; such a fruit is termed 
a »ycontu. Agnin, when the ovaries and floral envelopes of closely 
crowded flowers, as in the Mnlbeny and the Pine-apple, become 
Boccalent, a kind of apnrioas fmit is formed which is termed a 

In other cases, a hask, called the cupula ie formed, which contri- 
bntes to the formation of a spnrions frait : this is formed of leaves 
and is not developed ontil after fertilisation ; it may Bnrroniid either 
a solitary distinct fmit, like 
the aoom-cnp (Pig, 211), or 
several distinct fraits, like the 
fonr-valved spiky linsk of the 
Beech-tree or the prickly 
hnsk of the edible Cheetnat. 
When the fmit consists of 



earpotis : 




t is said to be apo- 
esamples d this 
I Bannncnlos, in the 
Raspberry, where the indi- 
vidual ovaries are snccnlent, 
and in the Star-anise (Pig. 
158). The individual fruite 
may be developed in very 
w fruit whioh different ways ; they may be 
neritarpB (m), a portion of dehiscent Or indehiscent^ dry 
or snccnlent . 

When the fmit consists of a single polymerous ova^, it is said 
t<i be tynearpoui. When the locnli of such a fmit separate from 
each other during the process of ripening, so that it ultimately 
appears as if a number of distinct fmits were present, it is termed 
a gchisocaTp ; when two only are present, each of these is termed 
a merkarp, &a in the TJmbelliferte (Fig. 159) ; in the Geraniaceie, 
where there are several distinct fruits, each is termed a coccim ; and 
in the Maple each fmit is winged, and is termed a tamara. The 
individual cocci are always indehieoent. 

In various mnltilooular ovaries only one locnlus becomes fully 
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layer is the epicarp, the middle the m«gocarp, and tho innermost the 
eiidocwrp. The following varieties of true fruits have been diBtin- 
gnished by the peculiarities of these three layers of their walls — 
whether they are dry or anccnlent, hard or soft, — and by the mode 
in which the fmit opens to allow the seed to escape. 

A, Dbt Frdits. The pericarp is woody or coriaoeoiiB ; the sap 
\\aa Dsnally disappeared from all the cells. 

I, Dry IndehUceni FruiU, Tho pericarp does not rapture, bnt 
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encloses the seed until germination ; the testa is nsnallj thin and 
frequently coalescent with the pericarp. 

(1) One-seeded fruits : 

(a) The nut (glans), e./;., hazel-nut (but not the walnut) ; the 

drj pericarp is hard and sclerenchjmatous. 

(b) The aehene (superior) : the pericarp is thin and coriaceous; 

e.^., the Rose and the Buttercup. The similar fruit 
of the Compositso is a eypsela (inferior). 

The fruit of Grasaes, termed a caryop$U, is veiy similar to 
the aehene ; it differs from it in that the testa and the pericarp 
elosely adhere, whereas in the aehene they are not adherent. 

(2) Many-seeded fruits (schizaearps) : these commonly split into 
one-seeded fruits, which usuaUy enclose the solitary seeds until ger- 
mination, e.g , the UmbellifersB (Fig. 159), CreraniacesB and Maple. 

II. Dry DehUeent Fruits. The pericarp ruptures and allows the 
seeds to escape ; the testa is usually firm and thick ; they are com- 
monly many- seeded. 

(1) Dehiscence longitudinal, 

(a) The fottidej consisting of a single carpel which opens 
along the ventral suture, where also the seeds are 
borne, e,g.^ Pseonia and lUicium (Fig. 158). 
(6) The legutne or pod likewise consists of but one carpel 
which opens along both the dorsal and ventral sutures 
(Fig. IdO ^, transverse section Fig. 145 A) : e.g., the 
Vetch, Pea, Bean, and many other Legnminoss ; in 
some cases (Astragalus) a spurious dissepiment 
occurs. 

The tomnrmtmm is a modificatioii of the kgimie ; it is eon- 
sliKted betveen the seeds, and it Is either inddiisoent or it 
breaks aeroes, when tijpe^ at the eonsliieted pazta. H ooenrs in 
the He4]rsai«», 

(c) The siliqua consists of two carpels. The two carpels 

when ripe separate from the base upwards into two 
valves, leaving the spurious dissepiment (replicm) 
which remains attached to the apex of the peduncle, 
and to the margins of which the parietal placenta 
sure attached; e.^.. Rape, Mustard, and most of the 
Cruciferw (Fig. 160 C). 

^When the silk|ua is short and hroad* it is tamed a tiUcuk, 
asia Thlasfii and Ca^»<sUa. In smm eases, as in the Badish, 
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the eiliqua is jointBd and indeMsoent, breaking tranirecMlyiuto 
OQB-seeded portions. It res^mbiea the lomeatam, and a there- 
fore said to be loraentaccoiu. 

{d) The eapside is derived from a polymeroua ovary whicli 
may be nni- or mnltilocalar ; it eplite into two or more 
valves, eitlier for a short difitacce only from the apex 
downwards, or down to the very base (Fig. 160 B). 
If the carpels become separated from each other, and 
in the case of mnltilocnlar ovaries this involves the 
splitting; of the diasepimenta (Fig. 161 A), the dehis- 
cence is said to be septicidal ; if, on the other band, 
each carpel splits along its dorsal sntnre, the dehis- 
cence is said to be locultcidal (Fig. 161 B). In 
mnltilocnlar ovaries the dissepiments may be per- 
Eistent and remain either attached to the middle of 
the valves (Fig. 
161 B), or united A ^ 

into a column 
which ia free 
from the valves ; 
in the latter case 
the dehiscence ie 
said to be s^li- 
fragal (Fig. IGl 
0). 

The oapBole ia 
ntuall J sapecior, but 

HometiiDeB aa in f^^P^'^^^ ^ BepCicidal, B locnliaidoL, C Hfipti- 
, . , ' „ fragal dahisMiice. 

mdaflciD and Cam- 

paaulaceiE, it ie inferior ; a. speoial term, diplotegium, in applied 
(0 the inltiriar capsule b; eome authors. 

(2) The form of capsule known as a p^idium has a transverse 
dehiscence, e.g., in Plantugo, AnagaUia, Hyoscjamns (Fig. 160 E) ; 
tbe npper part falls off lilce a lid. 

(3) The porous capsule, e.g., the Poppy (Fig. 160 D), sheda its 
aeeds through small holes arising from the removal of small por- 
tions of the wall in certain spots. 

B. Sdccdlbkt Fruits. In these the pericarp (or at least Bome 
layers of it) retajns its aap nntil it is ripe, and nsnally becomea 
Beahy at that stage ; it ia indehisoent. 

(1) The drupe (Fig. 162), e.g., the Plnm, Cherry, and Waliint. 
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The meet internal layer, the endocarp, is very hard and §deraich7' 
matonB (Fig- 162 B), and encloses the seed nntU gCTtninarifm ; the 
mesocarp ia generally snccol^i^ and the epi- 
c&rp is a delicate membrane. 

(2) The berry (baeea) ; the endocarp is 

soft and jnicy as well aa the mesoc^rp, bo 

that the seeds are imbedded in the pericarp : 

there may be one seed only, as in the Date, 

or many, as in the Goozd, Cnrrant^ and 

Grape : the froit may have one ktcnlaa, as in 

the Grape and the Gonrd, or several locoU, as 

in the Orange ; and further, it may be sn- 

Tia. lo.— LoDBitadiiMi perior, aa in the Grape, Orange and Lemon, 

AbDomd : * Uu Had ■»- °^ inferior, as in the Cnrrant, the Gooseberry, 

tached bf tha fmiiei* (/),- ami the Gonrd. 

tiM BnoawTi- i^^'ibe '^^ seeds of dehiacmt fmits are nsnally 
epieup— ib<M oonMitsM provided with varions ctmtrivances to ensnra 
iba pericarp (px their dispersion ; in the case of indehiscent 

fraits, the fmit iteelf is thus provided : of this natare are the 
wing-like appendages of the fmit of the Uaple and of the seeds oE 
many CaryophyllaceonB plants, the hairs npon the fmit of the Com- 
po6it«e,and npcn the seeds of the Cotton, the Willow, wu] the Poplar. 
The coats of many fmits and seeds have lay^ of cells which be- 
come extremely mnc{laginoas,e.jr., the Qoince, the Flax (linseed), and 
the Pluitain. The fmita of Ger&ninm and allied genera have ]ojig 
beaks, by means of which they buy themselves in the aoU. 

Some seeds begin to geminate as soon as they are shed, bat for 
the most part a period of rest is requisite; if this is too much 
prolonged, Uiey lose their germinating powrar. 

The Ipfiorttcenee. It is only in cmnparattvdy few plants that 
the first or main axis terminates in a flower; snch planta are said 
to be aMMiziaJ .- it is not nsnally till the second or third branch, or 
one of even a higher order is developed, that a flower is prodnced; 
sach plants are said to be bi-, tri-, or pobf-^ixial. 

The floral axis of Angioeperms frequently forms an elaborate 
branch-^stem which is nsoally cJiarply defined from the vegetative 
part of the plant, and which bears no leafy stmulures bc^tHid those 
of the flower except bracts. This is known as the infioraeence. 

In the infloreacence. as nsn^y in all parts of AiigioqieniiB, 
the branching is almost ^wajs monopodial and axillary. Some 
apparent exceptions may be easily reduced to this ^pe ; thus, in the 



GROUP IV. — PHANEROGAMS. 211 

racemes of most of the Cruciferaa the bracts at the bases of the 
individnal pedicels are abortive, and the same occurs in many 
of the GompositsB ; in the SolanacesB and Boragineaa the bract often 
undergoes displacement, so that it appears to be inserted laterally 
upon the axillary shoot ; on the other hand, it sometimes occnrs that 
the axillary shoot is for some distance adherent to the main shoot. 

A long flower-stalk with no leaves or mth only a few small bracts, 
which bears at its upper end a crowded or a sharply defined inflor- 
escence, is called a scape. 

In accordance with the principles of branching already laid down 
on page 20, the different forms of inflorescence may be classified as 
follows : 

A. Macemose inflorescences: consisting of a main axis or rachis 
bearing a number of lateral branches which have been developed 
in acropetal succession; the lateral shoots do not usually grow 
longer than that portion of the main axis which lies above their 
insertion. It is immaterial whether or not the main axis termin- 
ates in a flower. If the lateral shoots of the first order — i.e., those 
which spring directly from the main axis of the inflorescence — ter- 
minate in a flower without any further ramification, the inflorescence 
is said to be simple^ but if they branch it is said to be compound. 

I. Simple racemose inflorescences : 

(a) With an elongated axis : the lateral shoots, which are the 
pedicels, spring from the axis at some distance from each other. The 
three following forms may be distingxdshed : 

(1) The spike, in which the flowers are sessile on the floral axis, 
or have very short pedicels (Fig. 163 A) ; e.g., the inflorescence of 
the Plantain (Plantago). 

The small spikes of the Glomales are termed spikelets (Fig. 171). 

(2) The spadix, which differs from the spike only in having a 
thick and fleshy axis ; a large bract forming a sheath, called a spathe, 
commonly grows at the base of the inflorescence and envelopes it 
more or less ; e.g., Arum and Kichardia. 

(3) The racem£, m which the flowers have long pedicels of nearly 
equal length; e.g., the Cruciferaa, as the Radish, Cabbage, etc.; in 
these the bracts of the individual flowers are not developed ; also 
Berberis and others, but not the Grape-vine (below No. 7). 

(fi) With a short axis ; the flowers are set closely together on the 
short or flattened main axis. 

(4) The capitulum (head) in which the short main axis is conical 
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or disc-shaped or even lioUowed out, and is closelj covered with 
sessile flowers (Fig. 163 D); e.g., the GampositflB, as Dandelion, 
Sunflower; also the Scabions. The bracteoles (palesB) of the indir 
vidnal flowers (Fig. 163 Dp) are sometimes wanting; but the whole 
head is surrounded at the base bj a number of bracts forming an 
involucre (Fig. 163 D e) which gives the inflorescence the appearance 
of being one flower. 

(5) The umbel, composed of a large number of flowers with long 

pedicels which 
spring together 
from a very 
short axis which 
commonlj ter- 
minates in a 
flower (Fig. 163 
d) ; e.g., the 
TJmbellif ersB and 
the Ivy. The 
bracts of the 

Fig. 163.— Diagrams of the varietieB of racemose infloresoenoes. separate pedi- 

A Spike. B Compound raceme. C Compound umbel; d rays ^ ± • ix 

of the umbel; i involucre; dx secondary rays of the umbellnls; ^^els forming the 

ix involacel. D A capitnlum ; i inyoluore ; h flower; p paleas. ravs are USUaUj 

present in diminished number ; they form an involucre. 

II. Oompound racemose inflorescences are formed when the lateral 
shoots which bear the flowers as described above are again branched, 
or, in other words, when inflorescences of the types above enume- 
rated are united to form a larger inflorescence ; for instance, when 
several capitula are arranged on the main axis in the same way as 
the flowers of a raceme. The same terms are applied to the first 
ramification of the compound inflorescence as to the simple ones 
described above ; the above-mentioned example, for instance, is a 
raceme of capitula, and is termed a capitulate raceme. Compound 
inflorescences may be classified as follows : 

(a) Homogeneously compound; in these the branches of the first 
and second (or higher) orders are of the same character. 

(6) The compound spike; in this form many simple spikes are 
arranged on the main axis of the inflorescence in the same way as 
the flowers in a simple spike, or, in other words, the main axis of 
the spike gives rise to secondary spikes instead of to single flowers; 
e.g., the inflorescence of Wheat, Rye, etc. 

(7) The compound raceme; in this case smaller racemes grow on 



GBOtrp rv. — PHANEBOGAIIS. 



213 



the main asda of the raceme j the ramificatian is in many casea 
8till further repeated in such a way that it is more complex at the 
base of the primary raceme than towards the apex ; e.g., tha Graps- 
Vine (Fig. 163 B). 

(8) The compound umbel (Fig. 163 C). This ia far more common 
than a simple nmbel, and is in fact nsnally called an nmbel ; the 
separate simple umhels (Fig. 1G3 C d) are thea called umbelliilei 
and their respective involncres are invaliKels. 

(P) Relerogeneousiy compound inflorescences; in these the branches 
of the different orders are diaaimilar. In consequence of this so 
many complicated forms arise that it is impossible to ennmerate and 
name all the combinations. As examples, the following will only 
be mentioned : the capitulate raceme, which consists of a nnmber of 
capitnla arranged in a raceme ; it occnrs in many of the CompositiB 
e.g., Petasites : the epieate capituhim, which consists of several 
spikes forming a capitnlnm, as in the Scirpete : the spicato raceme 
which occnrs in many Grasses, in which the last branches of a 
componnd raceme are spikes. 

B. Cymoie infioretccncet. The main axis, which terminatea in a 
flower, prodnces below its apex one or a few lateral branches — rarely 
several — ^which also tei-minate in flowers, but grow more vigoronsly 
than the main axis and repeat the same type of ramification. 



secondary and 



r spring several — three 
e.g., many Enphorbise 



I. In the gimple cyme the ramificatio; 
higher orders follows the same type, 
(a) Without a paeud-axis (see page 20). 

(9) The cyme: beneath the terminal flov 
or more — lateral shoots of eqnal vigonr, i 
This inflorescence greatly resembles the tme nmbel, and in fact 
cannot be distingniehed from a true umbel which has a terminal 
Bower. The identification of an inflorescence as belonging to the 
cymose type depends in many cases on the fact that in the higher 
orders of branching the cymes are reduced to dicbasia. 

(10) The dichasiiiTti (I'igs. 18 and 19 0) consists of only two 
equal lateral shoots arising at the same level below the terminal 
flower, and branching in a similar manner. The successive false 
dichotomies commonly decussate; e.g., Valerianella and the weaker 
inflorescences of many Enphorbife. 

(^) With a pgeai-axU. 

(11) The helicoid cyme (bostryx) : the lateral branches of the 
e ramifications always occur on the same aide (Fig. 19 Dj: 
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this is freqnently f onnd in Monocotyledons, such as Hemerocallis, 
Omithogalmn, AlstrcBmeria. 

(12) The scorpioid cyme (cicinnns) : in this the lateral branches 
occur alternately on opposite sides (Fig. 19 A and B). 

Beoent researches have shown, however, that in many cases (yarions Solanaoeas 
and BoiagineiB) the so-called scorpioid cymes are monopodial; the axis is 
therefore not a pseud-axis but a true one, and the inflorescence mnst be regarded 
as a unilateral raceme. 

II. Compound eymose inflorescences arise on one hand from the 
reduction of the ramification in the higher orders, as, for instance, 
when the secondary members of a cyme are not cymes but dichasia: 
these are dichasial cymss ; they occur in many Euphorbiae : again, 
when dichasia terminate in scorpioid or helicoid cymes. On the 
other hand it sometimes occurs that helicoid cymes are combined to 
form scorpioid cymes, as in Geranium. 

C. Compound racemose cmd eymose inflorescences. It may occur 
that a compound inflorescence changes in type in the different 
orders of ramification. Thus the branches of the first order may 
exhibit a racemose arrangement, and those of the second a eymose 
arrangement, as in the dichasial racemes of many Euphorbise (e.g^ 
E, Esulaf amygdaloides), in the scorpioid racemes of the Horse- 
chestnut, and in the helicoid capitula of many species of AlliuTn. 
On the other hand the branches of the first order ma.y have a 
eymose, and those of the second a racemose arrangement ; for in- 
stance, the helicoid cymes of capitula in Cichorium. 

Finally, there are certain terms used in describing inflorescences 
which refer only to the general external appearance rather than to 
the mode of formation of the inflorescence : thus, the panicle is a 
pyramidal inflorescence generally of the racemose type, at least in 
its first ramification: the corymb is a compound racemose in- 
florescence of which all the ultimate ramifications lie in one plane 
and bear flowers, e.^., many CruciferaB : the am>enium (catkin) is a 
simple or compound inflorescence, usually pendulous and elongated, 
bearing inconspicuous flowers, which falls off entire from the plant 
when the flowering is over. Of oymose inflorescences there is the 
fascicle, consisting of a number of flowers on pedicels of equal length 
(Sweet William) ; the glomerule (Nettle and Box) or vertidUaster 
(many Labiatse), consisting of a few sessile or shortly pediciUate 
flowers ; and the anthela, which is a compound inflorescence, in 
which the branches of the first order are gradually shorter from 
below upwards (or rather from without inwards), as in Junoace®. 
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The emhryo hag hu\ 
It the ripe seed. 



cotyledon; the endosperm, is ■usually abuji- 



mbryo is usually 
compftrison with 
Js of 



I 




The . 

the ms 

(Fig. 164 I e c). The 
axis of the embryo ter- 
minates at the posterior 
end ia a very short ra- 
dicle and beaxs anteriorly 
a sheathing cotyledon 
which IB considerably 
larger than the whole of 
the rest of the embryo, 
and which not nnfre- 
qnently encloses one or 
more of the first minute 
alternating leaves. 

On germination, the 
upper end of the cotyle- 
don commonly remains in 
the seed and absorbs the 
nDtritiona substances de- 
posited in the endouperm 
(Fig. 164 n.-IV.) ; the 
lower part of the cotyle- 
don elongates and pushes 
the rest of the embryo 
ont of the seed. In 
Grasses the cotyledon has 
a peculiar shield- liie 
form, and is termed the 

Fio. 1A4'— 'G«nniDAtiE)Ti of Phtntii Aaetijliftra^ tb« Datp. 1. Tn^wvan* iflQ^on of tbs 
aaniuuilgoed. HI., IV.DimireDtiUeei of geniiIiiaIicin(n'.Iheiiatan1iiH}. J Tmnsveno 
ttaOavottbettiHaXixmlV. B TnnsTeru uotinn ol tbe v«dliiig at z V ' Cktii. i T>w 
bijm; «iuloflpeni] ; f tbe Hbeiibb of the cotyleilon; wt ilaetslk; c Ita npei deTolopad intoiu 
orgmn of abBorpt^oi^ vtaioh gradooUj cocaumfl* tha ondoepfirm and mt lecgLlk oooapifw ita 
plMa i w tbs prinur; root i m' gecODdUT rooU -,1/ b~aui Isstci whicb auocHd Ihe Golylsdoa 
en become* the Dm loilage-ltnt; in n sod C Its folds J Uniinii iz scon cot acraaa. (Af lor 
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tcuteltum (Fig. 165(d) ; in the ripe seed it almost entirely encloMM 
the embiyo, and is in contact hy its outer anrfoce with the i 
eperm ; daring germination the cotyledon absorbs the nutritioMi 
matters contained in tho endosperm, while the stem with the oUier 
leaves grows ont of the seed. In other Monocotyledons the ooly- 
ledon is either a sheathing scale, or it is the first green leaf, differing 
but little from the foliage- 1 eaves which are subsequently developed. 
The primary root nsnally remains small and inconspicnous ; ad- 
ventitioas roots are developed in snccesfiion at higher and higher 
levels npon tho stem 

Tho stem of Monocotyledons is traversed longitudinally by ecat- 
terod closed fabro-vascular bimdteB; it has therefore no growth in 
thickness by the means of ca 
bium. In a few genera only. 
Yucca and Draceena, it grows 
subseqncntly in thickness by the 
formation of meristem in tb 
tornal layers of the groiand-tissufl 
from which additional cl 
fibro- vascular bundles are 
veloped. 

The axis of the ombryo in 
many cases continnea to be the 
main axis of tho plant ; at first 
it is thin and weak, and since 
subsequent growth in thick- 
ness of the stem takes place, and 
since tho snccessive portioi 
grain ^-^^ gtem are thicker and more 
maina nf the tiigraa; ft btse al ihe b^'ij vigorons, the whole stem gradi 
^ h^d yoiiomsh part of the endosperm, ^jj asBumes the appearance i 

«i whiter 1B» danae part or the anflosponni ■'. J^r 

u MntBDom o[ the embryoi u its apoi: ^H inverted cone, but when tba 

. its epidonni., k pimDnioi w (below) the p]^ot. has reached a certain 

primary root; ™ its ront-abeath ; « (above) , . , ^ ., ., 

Bccondary TOMB spriDgingtrom the flTBtiDter- height it may then grow cylin- 
C^r drioolly; this is the reason why 
in Palms, in the Maize, and other 
similar erect stems, there is a diminution in thickness at the lawet 
end. Frequently, however, the primary axis of the plant perishea 
when it has given rise to lateral shoots. 

The arrangement of the leaves is at first alternate: when the 
stem is well developed this alternate arrangement often pasaoB 
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hto coraplei spiral Birangements, aa in rritiUaria and in Palms, in 
which plants a crown of leaves ia conspicnous. In the Grasses and 
a few other families, the phyllotaxis ia permanently alternate. A 
whorled arrangement of the foli^e-leaves oecars bnt rarely. 

The leaves commonly have a distinctly developed sheath but no 
stipules. The lamina ia nanally entire, simple in outline, often long 
and narrow, linear or ensiform, more rarely orbicular, cordate or 
sagittate. Branched leaves occur only in a few of the Aroideee. 
The pinnate or palmate leaves of the Palms acquire this form by 
the splitting of the originally entire lamina, and the same is the 
case with the perforated leaves of many Aroidese. 

The venation of the leaves is characterized by the fact that the 
weaker veins do not nanally project on the nnder anrface. In linear 
leaves, and in snch as are inserted by a broad base, the stronger 
veins run almost parallel ; in broader ones, e.g., Lily of the Valley 
(GoKvallaria majalis), they describe a curve which is more or less 
parallel to the margin ; the weaker veins usaally ran at right 
angles between the stronger ones. In the Scitaminera and a few 
other plants, a number of parallel transverse veins are given oil at 
various angles (Bometimes very acute, and sometimes nearly right 
angles) from the median vein. Reticulate venation of the leaves 
is very unnsual ; it occurs in Aroids and in Paris quadrifolia. 

The flower of Monocotyledons consists typically of five alternating 
and isomerons whorls, two belonging to the perianth, two to the an- 
droecium and one to the gyncecinm. Thus the typical formula is Jfn, 
Co, An + n, (?n, where n in most casea = 3, more rarely = 2, 4 or 5. 
The members of the perianth nsnally resemble each other in texture. 

This type is most closely adhered to in the Liliaceai. The first 
departure from it is exhibited in the abortion of the inner whorl of 
stamens in the Irideie, and in the inferior position of the ovary. 
This latter character occurs also In the SeitamineiB and Orchidace», 
which are also characterized by the zygomorphisra of their flowers 
and tlie considerable reduction of the androscium. 

Other varions and considerable rednctiona of the parte of the 
flower occur among the Aroide», and constant reduction in the 
OInmales and Typhacew. 

In the case of certain water-plants, development appears to have 
been arrested at an early stage. In others, the number of 
the members of the gynoecium and to some extent even of the 
nadrceciam is not constant, and the spiral arrangement predomin- 
atea (Alistoaceie). 
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The simply organized water-plants may be regarded in some 
cases as reduced forms, as the Lemnaceas, while some seem to be 
representatives of a special type, as the Naiodesd. 

The Monocotyledons may be classified as follows : 
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Snb-clafis I. NUDIFLORiE. 
Series i. SPADICIFLOB£. 

Cohort 1. Potamales. 

Order 1. Naudeje. 

Cohort 2. Arales. 

Order 1. Aboideje. 
2. Lemnacks. 

3. PANDANEiE. 

4. Cyclanthej;. 
„ 5. Typhacea. 
Cohorts. Pal males. 

Order 1. Palils. 
Series ii. GLUMIFLORS!. 

Cohort 1. Glumales. 

Order 1. GRAMiNRfi. 

„ 2. CYPERACEiE. 

Cohort 2. Restiales. 

Order 1. ERiooAULONEiE. 

M 2. BESTIACEiB. 
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Snb-classIL PBTALOIDE 
Series i. HTPOGYN^. 
Sub-series. Apocarpce. 

Cohort 1. Alismales. 
Order 1. JdNCAomEiB. 

2. Alishacex. 

3. butomacejb. 
Sub-series. Syncarpcs. 

Cohort 1. Commelynales. 
Order 1. Xybidks. 

„ 2. COMMELYNACEA. 

Cohort 2. Liliales. 
Order 1. Liliacks. 

„ 2. JUNGACRS. 

„ 3. PONTEDEBIACEA. 

Series ii. EPIGYNiB. 

Cohort 1. H yd rales. 

Order 1. HYDBOCHASIDACKiE. 

Cohort 2. Dioscoraies. 
Order 1. Dioscobks. 

2. TACCACEiB. 

3. Bbomelugeje. 
Cohort 3. Amomaies (Scita- 
mineas). 

Order 1. MusACEiB. 

„ 2. ZiNGIBERACEiE. 

„ 3. Mabantacea (Cah- 
kagejb). 
Cohort 4 Orchidales. 
Order 1. Obchidej:. 
Cohort 5. Narcissales. 
Order 1. Ibidbj:. 
m 2. Ahabyllioejb. 
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STJB-CLASS I. NUDIFLORiB. 

Flowers xinisexnal or hermaplirodite : periantli wanting, or con- 
sisting of scales : ovary superior. 

SERIES I. SPADIGIFLOB^. 

Flowers nsually in a spike or spadiz with a spathe, sometimes 
solitary : anthers nsually extrorse, or dehiscing by pores. 

Cohort 1. Potamales. Order 1. Naiadeji. Perianth 0, or of 
2-4 segments: stamens 1-4: gynoecium apocarpous, ovaries 1-4, 
with usually a single erect or suspended ovule: seed without 
endosperm. Water-plants. 

In the genoB Naias the flowers are solitary or in spikes, and are dioecions : 
perianth : male flowers with 1 stamen, female flowers with 1 carpel : ovnle 
er^ct. ^./^xiZif is the only British species. 

The flowers of Fhncagrostis generally resemble those of Naias, bat the male 
flower has 2 stamens, and the female 2 carpels. This genus is found in the 
Biediterranean. 

In Zostera, the Grass-wrack, the flowers are anisexnal, monoecions, and 
without a perianth; they are borne in two rows on one side of a spadix; 
stamen 1, carpel 1. Zostera marina and nana are the British species. 

Zostera and Fhncagrostis live in the brackish water of estuaries ; they are 
remarkable in that their pollen-grains are filiform. 

In Zanichellia, the Homed Pondweed, the flowers are monoecious, and are 
solitary or in spikes ; male flower, perianth 0, stamen 1 ; female flower, perianth 
bell-shaped« carpels 4-6. Z. paluttrit is the only British species. 

In Buppia, the Tassel Pondweed, the flowers are hermaphrodite, and there are 
generally two on a spike ; formula PO, ^2, G4. B, maritima is the British 
species. 

In Potamogeton, the Pondweed, the flowers, which are hermaphrodite, are in 
tqpikes; general formula P4, ^2 + 2, G x 4 ; the stamens are inserted on the 
segments of the perianth. This genus is represented in Britain by many 
species : in some (P. putillut) the stem bears only submerged leaves which are 
narrow and linear ; in others the leaves are somewhat broader (P. dentus), and 
in others again it bears a few broad leaves which float on the water (P. natans). 

Cohort 2. Arales. The flowers are small and numerous, the 
inflorescence a spadix or a panicle with thick branches, commonly 
enclosed in a greatly developed spathe ; the bracteoles of the in- 
dividual flowers are frequently wanting ; perianth 0, or polyphyl- 
lous ; the flowers are usually diclinous, but both sexes frequently 
occur in the same inflorescence : gynoecium apocarpous or syncar- 
pous: the seeds have a large endosperm: the embryo is straight 
and minute. 
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Order 1. Aboidele. Flowers monoecioiis or hermaphrodite: peri- 
anth or of 4 segments : stamens many or definite : ovary nni- or 
mnltilocnlar : fruit a berry. 

In many of the genera the flowers are complete and oonfonn to 
the monocotyledonons type, Zh, Cfn, iln + n, G (S), where n may 
stand for 3, 2 or 6, as in Acorns (Fig. 166), in which the flowers are 
exactly typical. In other genera, however, the flowers are reduced 
in various ways and degrees ; not only does the perianth disappear, 
but the number of the stamens and carpels is frequently d iminish ed. 
An extreme case is offered by those diclinous flowers of which the 
male consists of only a single stamen, and the female of only one 
monomerous ovary. These much reduced flowers are disposed in 

regular order on the spadix ; thns in 
Arum (Fig. 167) the numerous female 
flowers, consisting each of one carpel 
(Fig. 167/), are inserted on the base 
of the spadix, and the male flowers, 
each consisting merely of a few sta- 
mens, are closely packed higher up 
on it (Fig. 167 a). The upper part 
of the spadix is covered with rudi- 
mentary flowers (6, c). When, as in 
this case, the perianth of the true 
flowers is wholly wanting, the whole 
inflorescence may assume the aspect 
' of a single flower ; but irrespectively 
of the numerous intermediate forms 

Fxo. 167.— spadix of ilrum macula- -• . -i x i. ^ j i_ 

turn (nat. size): / female; a male; whlch are to be fOUnd, SUCh a View IS 

and b rndimentaiy flowers; c the untenable when it is bome in mind 

upper club-shaped end of the spadix, ^^^ ^^^^ ^^^ ^^^^^^ ^ invariably 

situated below the stamens, while in a flower they are invariably 
above them. 

The stem may be underground, a tuber, or a rhizome, or it may 
be aerial ; in the latter case it often climbs, clinging to trees by 
means of aerial roots. The leaves are either alternate and dis- 
tichous or, more often, spiral with a divergence of \. They are 
rarely narrow, linear, or enisform, and commonly consist of sheath, 
petiole, and blade ; the venation is reticulated, and the leaf often 
exhibits a more or less complicated segmentation. 

Sub-order 1. Orontbjs. Flowers usually hermaphrodite and with a perianth. 
Acorut Calamus, the Sweet Flag, origmally a native of AsU, is found ooca- 




Pio. 166.— Flower of 
Aoorut Calamtu (mag.) : 
a outer, i inner peri- 
anth; st stamens; / 
ovary. 
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1; in ponds and ditohes in Britain. The □ndergronud ctiisorae bears long 
n leaves and a triuigulor eoape beonug a teiminal epodii whicli, how- 
■ei, is puBbed on one sidti bj the spathe which is long and narrow, and appears 
L prolongation of the Btolk. The spadix is oloEsly covered with perfect 
ere (Fig. 166). 

Bub-order 3. Jlm&m, Flowers diclinous and withont a perianth, 
.druin macula turn, the Cnckoo-pint or Lords. and-Ladies, is common in woodf 
nnd hedgo-rowB ; the large green spathe complete!]' envelopes tbeapadiifFig. 167). 
Riehardia etkiopiea ia a coltirated plant well Icaown nnder the name of Calla 
or ColocBsia ; it has a large white fnouel-sbaped epalbe. The species al Fliilo- 
dendron have climbing Htems and large leaves which are freqaently perforated- 
Piilia Stratiatei, a tropical water-plant, is olioracterized by having the flowers 
on the spadix lednced to two, one male flower, and one female flower consisting 
of a single carpel; tho spsdii and spathe are adherent. It appears highly 
probable that the Xismnaceffi, mentioned below, ue in tact vety simple forms 
of this family. 



Order 2. Lemnaces. Stem leafless. Each inflorescence 
of two male flowers and one female flower borne on a lateral pro- 
minence of the stem : the male flowers consist of a single stamen, 
and tlie female flower of one carpel. 

Lemna tTitalca, polyrhiia, minor and gibba, are known as Dnck-weed; they 
are aommoQ in tanks and ponds, floating oo the water. The stem, which is 
leafless, is aimost flat, resembling a thollns : it bears 
two rows of branches (Fig. 16B), aa also roots on ita 
under stirface which are suspended in the water. Boots 
ore, however, absent in Wolffia airhiza, which is also 
devoid of flbro- vascular bundles; its flower has no 
epatbe, and it beore only one row of branches: it is 
the smallest known Qowering plant. 

Order 3. PiNDANEi). Flowers dicecioua, 
perianth 0; the female flowers each consist of 
single carpel ; they are closely crowded oo of Lenin 
spadix, wiiich becomes a sparions fruit 
male flowers bare 
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Pandaittu utilU, the Bcrew-Pine, and other speciea, form thickets in the 
tropics, particolarly on the banks of rivers. The stiaigbt woody stems, whiah 
eubaequently braneb, give ofl nmncrous strong toots which attach them to the 
BOil, and bear crowns of largo narrow linear leaves, the raargine of which are 
frequently set with sharp spinons teeth. The tough fibro-voscular bandies are 
used (or the monntactaie of fabiios. 

Order 4. Ctclanthe*. Plants of a palm-like habit in Sonthern 
and Central America ; the flowers, which usually have a perianth, 
Kre diflposed on the spadix in regalar spiralB : they are □ 
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Tha iB&vea of CarIu4oHca palnuita are applied to Taiioni poipOBN, e.g., 
PaDAma hats are woTen ot th«m. 

Order 5. Tiphagex. Flowers monceoioiu, the periuith repre- 
sented only by scales orbaira. Stamens 1-6. Ovar^r monomerons 
containing one ovule. Inflorescence a spadiz, Tritbont a spatbe, 
elongated or compact. 

In Spuguunm, the Bni-reed, tbe iafloTeaoeoeei ue ipheiieal ipikee vMoh 
ue borne termuially and lateraUy in two tote od the upper part ol the item. 
The loirer epikea bear only temale and the upper onl; male flowers ; the perianth 
ooneiitB ot soalei ; etaiQeiu 2-S, Iree. Bparganimn HtapUx and rosiMiat are 
not rare in ditohee. 

Tniha, the Beed-nuwe or Bnlnuh, bears its flowen on a long tertoinal apadiz ; 
the male flowera are borne at the upper and thinner portion directlj on the main 
aiie ; on the lower and thioker portion are borne the female flowera, wbioh grow 
parti; on the main aiii and parti; on vei; short lateral b1iooI» ; the perianth ie 
replaced by long hoira : stamens 3, monadelphoos. Typha atyiuti/olia and 
lati/olia oooor in bogs and wst plaaes. 

Cohorts. Palmales. Order 1. Falux. The flowers are dicecions 
or monceoions, rarely hermaphrodite or polygamous, and they 
generally conform to the type £3, 03, A3 +B, 
0^ t in rare instancee a larger or a smaller 
number of stamens are present : anthers some- 
times introrse : carpels, in rare cases, only two 
or one : ovary monomerons, or polymeroos with 
from one to three locnli. The flowers ora in- 
serted with or withoat braoteoles on a spadiz or 
on the thick axis of a spicate or pamcolate in- 
florescence (Fig. 169). 

Their mode of growth is somewhat varions. 

Most Palms bear their leaves closely arranged 

in a crown at the top of a tall or of a quite short 

the thick stem, which is cbthed for some distance below 

of the older withered 




in.— Fait of tbe . 



andp thainbemalwlioil 

of chapeiiuitii /oTar; leaves. Bnt in some genera, e.g., Calamns, the 
'" *'■ stems creep or climb and the leaves are inserted 

at some distance from each other. The blade of the leaf commonly 
sphts in the oonrse of its growth, assoming a palmate or pinnate 
form. 

Palms chiefly inhabit the tropics, particularly the Molncoas, 
Brazil, and the r^ion of the Orinoco. 

Phanix daclyli/era (the Date Falm), a native ol Asia and Africa, has pin- 
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nutifid leavM. Of the three avoiies, one only developes to form the frmt whidh 
is kDOwn as the date ; the staiie of the date aooaUta of a very thin taata encloaiug 
the large mass ol endosperm in which the emhrjo in imbedded. Cocoi mmi/era 
(the Coooa-nat Fahn) haa, as ia veil known, man; asea. The fruit iteelf ie ft 
gigajiCiD dmpaceoas fruit ; the meeoiiarp is traversed by an immense uomber ol 
fibro-vaaoular bundles, vhieh are med to make ropeSi eto. Inside the exces- 
sively hard wall of the fruit itself, the endoearp. lies a siogle large eeed. When 
t!ie fruit ia mature, the endosperm forms a lajeronly a few millimeties in thick- 
ness, which Uqcs the hard shell ; the rest of the space is filled with fluid, knows 
Bo cocoa-nut milk. The embrjo, whiah is small, is imbedded in the firm tissue 
of the endoBperm, under the spot where (here ia a hole tn the endocarp. Sagui 
Samphii, belonging to the Molttooaa, jielda Sago, which is in taet the Htarohy 
parenchyma of the stem. Elaii guinetrisii is the Oil-Falm of West Africa ; 
the mesocarp of the plum-like froit yields the oil. The stems of various species 
of Calamus constitute the ao-called Spanish cane. The large and very harJ 
endaaperm.with mnch- thickened cell-mcmbranea, ol Phyttlephat manTocarpa, ia 
used in taraery, and is known as vegetable ivory. Churitaropa hiimilit, the Fan- 
Palm, is found in Sautbem Europe and Northern Africa. LivUtoJia aiatraiU ie 
frequently cultivated for the sake of its graceful, fan-hke, pahnatifid leaves. 
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8EBIE3 n. QLDMIFLOBJ;. 
Flowers hermaphrodite or anisemal, nsnaUyii 
■ested by imbricate bracts or glnmea : ovary ui 
ovule in the locnlua: seeds with endosp( 



Cohort 1. Glumales. O^aTy anilocnlar: ovale erect. 

Order 1. GfiiMiSEa;. True Grasses. The leaves are alternate 
on the stem, which is known as the haulm; the enibryo lies on the 
sideof the endosperm (Fig. 165). The UBnally hermaphrodite flowers 
are referable to the formula £0, 02, AZ + 0,G<^; they are enclosed 
by bracts here r • • • » 

termed paiece, 
and are kirsnged 
complicated 

,he perianth - 

,he f( 
small 

termed lodieule* ; the unilocular ovary contains only one ovole ; the 
grain ia the froit, a caryopsis, to which tho two palete sometimes 
adhere, e.g.. Barley and Oats. 

A flower of this composition is sessile in the axil of a bract, which 

^termed the inferior or (utter palea (Fig. 171ii, tj...)i and there is 
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also & bracteole beneath the periantli which is termed the tuperior 
or Vnjwr paiea. The two paleee completely enclose the flower. 
Usually two or more flowers which are thus enclosed by the pelete 
are present on an axis (Fig- 171 a), and constitate the Bpikelet of 
the Grass, and beneath the lowest flower there are usually two 
more bracts which bear small sterile flowers in their axils taiA which 
are known as the fftumea (Fig. 171 g). Thus a spikelet consiste of 
an axis bearing two rows of bracts of which the two first and lowest 
are barren, while the succeeding ones bear each a flower in its axil, 
and beneath each flower there is also a bract«ole or palea belonging 
to the floral axis itself. The inferior paleas often hare, either at 
the apex or else borne on the midrib, a spinous process called the 
aritta or mm (Fig. 171 gr). 

The number of flowers in each 
epikelet varies according to the 
genus ; often there is bnt one^ the 
^A lowest, with mdimentB of others 
above it; if, however, only one of 
the upper flowers is developed, so 
that the lower pales beta no flowers 
in their axila, they are regarded as 
glumes, several being therefore pre- 
sent in such a case. The spikelets 
themselves are in many genera, e^.. 
Rye and Wheat (Pig. 172 B), ar- 

FlO. m— A »plk8lBt of Wll«U ait- _„„„^ ;„ i„„ „„„ „„ „ „_. . 

J ginmeai b, h, (he ititeiior paiees the inflorescence may then be de- 
^.^ fl^ "Z'^J" f;T signated a spike; in most of the 

flower> raised from the ftil« ont of OiB ^° '^ 

Biiii of the luperior poiete, pfj a an- other genera the miun axis of ti>e 
theTBj/ovariM. inflotescenco bears lateral branohes 

which are slander, of Torions length, Eind often branched again, and 
which bear the terminal spikelets ; in this way a panicle is formed, 
as in the Oat (Fig. 172 A)- This may be either loose and spread- 
ing, with long lateral branches (Pig- 172 A), or compressed, with 
very short branches, e.g., Alopecums. 

The stem is usually tall and the long intemodes are hollow ; the 
sheath of the leaf is largely developed and frequently extends over 
several intemodes. A membranous ligola is often found at the 
junction of sheath and lamina (Fig. 8 A), 

The Grasses are classified as follows : L 




OEOPP IT.- 

^nb-order 1. Clis.antge.b. SpiboIetB closed in flower; stales or itigmaa 
I!, piotmding bejand the apei of tlie interior pales. 

Tribe 1. Patticea. BpikeletB darBnUy compreaBed, l-flowered: glnmaa 3, o( 
-whioh the lowest Ib the smallest. 

Fanicwn glabrum {Digitaria, humifuia), P. [EchinochSoaj Crtu-galli, and P. 
{Sftaria) viridit oconr occasionally on cultivated land. 

Tribes. Pkalaridfa. Spikeleta laterallj compieaaed, l-floweTed: glumes 4, 
the inner pair being amaller. Phalari> arunAmacra, the Reed-grasa, is common 
on the banks of streams, ete. : a varietj with vhite-strealiecl leavea ia cultivated 
in gardena. Anthoianthum adorabam, Ternal Grass, which haa only two stamena 



1 meadows; it g'^a the peculiar 



a panicnlatB infloreioence, 
odonr to fresh hay. 

Tribes. Andropogoneit. Flowers 
moncedons or polygamoua : glumes 
S. of which the lowest in the largest. 
Zea Stall, the Maize Plant, is col- 
tivated in worm oonntries ; its 
flowers are montecioaa: the mate 
flowers form a looae panicle at the 
apex of the haulm, and the female 
flowers are borne laterally on a 
thick epadii, which ia enabeathed 
by leaves. Saceharum officinaru 
the SugBr.cane, ia a native of the B 
Eaet Indies. 

Tribe i. Cklnridfir. Spikelets 
laterally eompresaed, usually !■ 
flowered, in compound apikes : 
glumea 3. Cynodon Dact-ylon, 
the Dog's-tooth-grass, is often 
abundant on waate ground. Spar- 
tirm itricla occurs in salt marshes. 

Tribe 6. Phttinea. Spikeleta 
ttleratly compressed, 1-flonered, in p, 
dense panicles : glnmea 3. i m 

AlopeonruB, the Foi.tail-grasa, "''^''l 
has the gtnmes eoberent s 
base, and one rudimentary palca 
Phlenm, the Oat's- tail -grass, haa free glumes and two distinct palem. 

Tribe 6. Setltrifc. Spikelets laterally compressed, 2-flowered or more. In 
denae panicles : glumea 2. Sttlfrin caruUa, the Moor-grass, occtus on mouB- 

Tribe 7. Nardtn. Spikekta 1. flowered, in simple spikes: glumes 0. 

Nardui MlHcta, the common Uat-graea, occurs on moors and heaths. 

Sab-order 2. Euriuttbes. Spikelets open in flower : styles short, 8tigma« 
protruding near the base of the interior palea. 

Tribe 1. Oryita. Spikes laterally compressed, muallyl-flowered; glnmoa4, 
olten represented only by briatles. Oryia tativa is the Bice-phint — from the 




BSplki or Wheat: 
sh the splkBleU (a) 
" al the loirerpart. 
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£&Bt Icdiei ; eoltiTated in marshy regions of Southern Europe. Leenia ory- 
zoidei^ the Cut-grass, is found in ditches in the south of England. 

Tribe 2. Stipete. Bpikelets 1-flowered, oylindrioal or flattened posteriorly: 
in panides : glumes 2. Stipa pennata^ the Feather-grass, has a long aiiy awn. 
Milium effuiumt without an awn, is common in woods. 

Tribe 8. Agrottidem. Spikelets 1-flowered, compressed laterally, in loose 
panicles : glumes 2. 

In Agrostis, the Bent-grass, the axis of the spikelet is glabrous, or it bears 
short hairs; il. tmZparit and itolonifera are common in meadows and woods: 
Apera Spiea venti is common in fields: in Calamagrostis, the Small reed, 
several species of which occur on the banks of rivers and woods, the axis of the 
spikelet is covered with long hairs. 

Tribe 4. Avenea, The spikelets consist of several (usually two) flowers ; the 
glumes (or one of them at least) are as long as the whole spikelet. 

Avena, the Oat, has loose panicles, and a two-toothed inferior palea : of this 
genus there are many species; A, fatxta, pratetuis and pubetcetu, are common 
in cornfields and meadows. The following species are cultivated: A. $atif>at 
with its panicles in various planes ; A. orientalitt with its panicles in one plane; 
A, Hrigoia, with a hairy floral axis ; and A. nuda, the spikelets of which usually 
consist of three flowers. Aira caspitosa and JUxuosa have truncate inferior 
paleaB, and are common in meadows and woods. Holcus, the Honey-grass, has 
spikelets consisting of two flowers, the upper of which is usually male, and the 
leaf -sheaths are covered with silky hairs ; it is common in damp meadows. 

Tribe 5. Festucea, The spikelets are usually many-fiowered, and the glumes 
shorter than the lowest inferior palea. Melica, the Melic-grass, has sometimes 
spikelets consisting of a single flower only ; the glumes are long ; it is common 
in woods. Briza, the Quaking-grass, has spikelets which are compressed laterally 
and are cordate at the base ; it is coitmion in meadows. Koeleria eriitata has 
dense panicles ; it is common in dry meadows. Daetylii glomerata, the Oook*8- 
foot-grass, has dense panicles divided into parts which have longer stalks ; it is 
common in meadows. Poa pratetuis, trivialis, etc., are common in meadows; 
their spikelets are compressed laterally; the glumes have a sharp keel; P. 
annua is common by the roadside. Festuea elatiovt and others, the Fescae 
Grasses, are common in meadows. Bromus, of which there are several species, 
is common in fields (B. secaliniu), in meadows (B. mollit and others), by the 
roadside (B. sterilis, tectorum). Molinia caruUa has a very long Im-nltn^ o(m- 
sisting for the most part of a single intemode ; its spikelets are in loose purplish 
panicles ; it occurs on moors. In Phragmites the axis of the spy^elet is covered 
with long silky hairs : Phragmitei communis, the Beed, occurs W>iuidantly in 
marshes. 

The upper flowers in the spikelets of plants belonging to this tribe are often 
unisexual, male ; Phragmites is peculiar in that the lower flower of the spikelet 
is male. 

Tribe 6. Hordeea. Spikelets solitary, or 2 or 8 together, 1- or many-floweied, 
situated in depressions on the main floral axis, forming the so-called spike: 
glumes 1- 2. In Loliom, the Bye-grass (L. perenne is common everywhere), the 
posterior surface (that is, the middle line of the posterior glume) is directed 
towards the main axis, and this glume is usually rudimentary. In all the other 
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!Tk the dile of the epibelet ia diiected tonarde the maJB axis, and there are 
two glumeB. Secate cereals, the B;e, has 2-floiTered spikeleta and narrow awl- 
■baped glamsB. Triticmn, ths Wlieat, has 3- or more Cowered apikelcts, irith 
ovate glomes: T. repem, the Twitch, is common everywhere; its spreading 
ibizome makee it a troableaoms weed. The fallowing species die coltiiated; 
T, vulgare, the common Wheat, with long glomes, which have no keel, and 2'. 
turgidum, English Wheat, with short keeled glomes; both these forms have n 
wir; floral aiis, and tha froit easil; falls oot of the glomus: T. Spilta, the 
Spelt, which has an almost quadnuigalar apike, and T. dicaccum. with a ecm- 
paat spike, have a brittle floral aiis, and the fruit is firmly enclosed by the 
glamea. In all the species the length of the awn varies very much. Brach;- 
podiom haa shortly-stalked apikelets, and its two glomes diSer muck in length : 
it ia thus distinguished Cram Tritieom. Hordeom, Uie Barley, has 3 single- 
flowered gpikolets insetted together in one depression an the Boral axis. U. 
inurt'iiunt is common on the roadside and on walls. The following species are 
coltivated: H. vtilgare and II. heiaiticham, with only fertile apikelots; in the 
latter species the spikelels are all equally distant, and are therefore arranged in 
six rows ; in the former spedes the median spikelets are nearer together, and 
the lateral ones more distant, so that they are described as being in four rows : 
(ortber, H. diilichum is the two-rowed Barley, the lateral spikelets of which 
are male, so that the ftnite are arranged in two rows. The fruit QBaallj adheres 
to thepalea. 

Order 2. CjeR&tCES. The leavca o 
on the Btcm ; perianth 0, or of 3-6 or 
embryo is euclosed in. the ondosperm. 

Tribe I. Cyperea. Spikelets compressed: flt 
or of briGtles : glomes distichous. 

Cypems, the Galingale, has maay-fiowered spikelets with declduons glntne 
Stbcenos, the Bog-rush, has few-flowered (1-4) spikelets with persistent glomt 
C. longut and /iucum, and S. nigricani, occur in England. Cyperas Papyrua 
on Egyptian species from which tho Papyrus ol the ancients was made. 

Tribe 3. Scirpea. Spikelets cylindrical : flowers hermaphrodite i perianth 
at of bristles : glumes imbricate oa 
tXi aides. 

The spikelets are often Arranged so 
kg to form Spikes, panicles, umbels, 
or oapitnla; the flower has the tor- 
mala Ki. C3, ^3 + or 3, G™l. 

Scirpns. ths Club-rush, has a bristly 
perianth ; in some apeciea the spiko- 
lets are solitary, as in Scirpat caipi- 

Una, in olhets there are lalcral f,o. iJ3,_Finwer of Boirpos (i 
Hpikelets in addition on short stalks, p the briitly perianUi ; a ilie siin 
M in S. locuifHi (the true Bolrnsh), or /tba ovary. B l« flanJ diagram, 
on long stalks, aa in S. lylvaticut. Eriophnrum palyitachian and others 
(Cotton -grass) are common on moors; the hairs of the periaatb, after flower- 
ing, grow to a congidcraUs length. 



arranged in three rows 
re bristles or scales ; the 



s hermaphrodite; perianth 0, 
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Tribes. Cariet^, Spikdetoeyliiidrieal; floveniiiiisexiuJ; peiuuiihO. 
The C^notm hure diclinoas flowen with this peeolittity, that the male and 
female flowen differ in their etmetare. The male flowen haire tiie fonnida £0, 
CO.AZ + 0,G0;the7areiitiiatediiitheazilaofbniete(sMMa) (Fig. 174 Band 
D) and form limple apikes. The female flowen hare the fonmilA £0, CO, 
i<0 + 0, Gff or 9 and are not sefsile in the axils of the hraete (glmnee) (b in 
Fig, 174 A and C), hnt a short branch springs from the axil of each of these 
Ua?es bearing a single bracteole (f in Fig. 174) and it is in the azfl of this 
bracteole that the female flower, which consists of a trimerona or more rarely 
dimerous oTary, is situated. The bracteole (« in ¥ig. 174 A and C) increases 
greatly and inyests the fruit, forming the so-called utricubu : this atmctnre is 
often regarded as a perianth, and is termed the periffyniwn. In Elyna and 
Kobresia the bracteole is not tubular, and therefore does not completely inyest 
the ovary. 

The Genus Carez, the Sedge, contains numerous species which grow mostly 
in damp localities ; they have stiff leaves with sharp or saw-like edges, bnt only 

a few of them are dicBcious : in most the 
male and female inflorescences occur on 
the same axis. In one large secticm of 
them the two sexes occur on the same spike 
which is either male at the base and 
female at the top, or vice vend. When 
this is the case the axis bears either only 
one terminal spike, as in Carex puliearit 
and C. paticiflora, or several spikes forming 
a capitnlum at the apex, as in C. pseudo- 
cyperus, or a spike or a panicle, as in C. 
muricata and paniculata. In the second 
section, on the other hand, each spike is 

(glnmo) I •br»oteole;/ovaryjn stigma, almost always terminal on the axis and 

B Male flowen it the three stamens | the female lateral, as in Carex aeutOt 

a anthers. Diagram of the female glauea, pracox, digitata, flava, and palth 

and (/>) of the male flower: r axis of ^iQga, 
the spike ) b bract; i bracteole. 




Cohort 2. Restiales. Ovary often mtiltilocnlar ; ovnle ortho- 
tropons and suspended ; hence in the seed the radicle of the embryo 
is directed away from the hilnm (encmtiohlaatic). Flowers nnisexnal, 
rarely hermaphrodite, with bracts : floral formula Z3, 03,-43 + 3, 
0(8), bnt occasionally some of the members are wanting. 

Order 1. Eriocaulonbj). Flowers nnisexnal, in capitula^ often 
monoecions in the same capitnlnm, or rarely dioecions: stamens 
generally in two whorls, anthers generally bilocnlar: seed ribbed. 

Rrioeaulon teptangulare, the Pipewort, occurs in the Hehrides and on the 
woit ooait of Ireland. 
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Order 2, Reshacej!. Flowers usually tmisemal, dicedone, and 
ia apikes : not more than one whorl of stamens is present, anthers 
generally unilocular : seed smooth or tubercled. 

These ore graBB-llke plonta oil living in the soutlierD hemiaphete. This Dtder 
includes the group Centrolepidece (DeavaniiBceeB Lindl.) ; in these the perianth 
ia mnah reduced, the maJe Qower probsbl; has only one etsmen, and the lemiJe 
only one carpel. 



r SUB-CLASS n. PETALOIDB^. 

Tlowers hermaphrodite, rarely tmisexnal ; perianth never wanting, 
usually biseriate, the members of at least one series nsually 
petaloid. 

SERIES I. HIPOGTNJl. 
^■^ Ovary superior. 

^^M Sub-eeriei. Apoearpre. 

^^* Gyntecinm nsnally apocarpous. 

Cohort 1. Atismales. Marsh or water plants; flowers some- 
times unisexual ; seeds without endosperm. 

Order 1. Jcncaoinei. Flowers sometimes dicecious; both peri- 
anth- whorls are sepaloid and inoonspicnoua ; anthers extrorae ; 
carpels sometimes coherent ; the enter whorl of carpels is occafiion- 
ally abortive ; ovules 1-2, anatropoue, embryo straight. 

TriglMhin paliatrt, the Arraw-graaa, ia common in marshes and on the 
margin of pools: carpels coherent till matute. The flowers are disposed BpiruUj 
in a long loose spike without braets, Sehtuchziria paluitrU is rarer ; it oocnrs 
^_,in bogs ; the flowers ore set in the axils of distichous bracts : carpels free. 

^^H Tia. l7S.-~Di>enmoflhoF1oiveraf FiB. I7S.— FIoI«I dlagran^s. A Of 

^^P TriElochin. Bntonini. B Of A-Ubios. 

^" Order 2. Ausmace*. Flowers sometimes monceciona; floral 
formula £3, 6'3, -13* -h or 3, or oo, G3 -H 3 or o= ; the outer perianth- 
whorl, which is sepaloid, is often coherent at the base ; the inner 
whorl is petaloid, white or violet ; anthers eitrorso or introrse ; 
carpels sometimes partially coherent j ovules 1-3, campylotropoufl, 
embryo curved. 





PIBT t 



. — THB cusainc&TioN or piAKra. 



Alitma Flanlago (Water Pluitsin, Fig. 176 B), h>i tlie floi&l fonnnla K3, CS, 
A3f ; the nnineraaa, moDomeroaB, one-ueded OT&riea axe crowded on the brood 
reoeptaole. The main axis of the infloresoenoe beaia whorls of brauobes whioh 
have a beliooid mmiGeatioii. It is rather oommOD in damp spots. 

Sagitt»Tui sagittafolia (the Arrowhead), with the floral fomtala £3, C3, 3 
^ OD, ! 0^, u montBoiooa. The flowen are diipoeed in trimeroaa whorls, the 
male in the upper and the female in thelower whorls. The anthers are ertnaae. 
The ovaries, which are very nnmerons and one-seeded, are inserted on a flethj' 
receptacle. Only the sagittate leaves and Um infloreaDenoe appear above the 



Bdtomace*. Flowers never iinisexnal ; general floral 



A liHTTHUmm ■ the i 




ler whorl of the perianth 
is petaloid; anthers in- 
troraej carpels distinct; 
ovnlea nnmerons, with 
saperficial placentation ; 
embijo cnrred. 

BuUmai mabtUatut ia the 

Flowering Bosh (Fi^. 176 J, 

177). The flowers, which 

have violet petals, have the 

following tormnla: £3, C3, 

j3*-]-8, 0^1 they are ■^ 

rang«d in an ombellate heh- 

ooid cyme at the apex ol the 

Bcape, which is abont 3 bet 

high ; this and the leavtf, 

nmbrilatttf. A Plower {nat. du). ^ijioh ^^ <,( ^bont the sanu 

n atijrmmfl. JDluram: vppttrl- , _., ^ . -_ >_ 

, . . -I ^ ,. . i .r . 1- lenffth, Bpring from an nndn- 

•nlh; / Btamens of Iho onUr whorl radopUeate: f> "^ • f^^ "^ ^~ 

etamene of the Hmsr whorl ;« outer. indo-innBi whorl gronnd rhizome. The ovnlee, 

ol carpels. (Afier Saoha.) whioh are nnmeioiu, are 

home on the inner enrfaoe of the carpels (Fig. 148 C). 

In the genus Limnouharis the stamens and oarpels are indefinite. 

Sub-series. SyncarpcB. 
GyncBcinm syncarpons. 
Cohort 1. Commelynales. The inner whorl of the perianthia 
petaloid; seeds with endosperm. 

Order 1. Xybidbx. Herbaceons sedge-like plants ; floral bo- 
mnla K3, C3, A3 + 0, 0^ ; anthers eitrorse ; ovMy nsnall; nni* 
locnlar, with parietal placentation. 

These plants inhabit swamps in tropical or sab-tropieal regions. 

Order 2. Com m el yn aces. Herbaceons plants; general floral 



Fio. 177.— Bill*™ 
B GynfECiiun (mag.) 
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formnlii KZ, C3, AZ + 3, 0^, but the numbep of stanienH varies in 
the genera ; anthers nsnally introrse ; ovary nsually trilocnlar. 

Tliese are mostlj tropical plontB. Species of Commelyna and Tradeacantia 
are cultivated as DrDamectal plants. 

Cohort 2. LitialeS. The calyx and corolla resemble each other 
in textnre, and are naually petaloid ; seeda with endosperm ; geoen,'. 
florftl formnla K3, C3, A3 + 3, G^. 

Order 1. Liliace*. The flowers conform generally to the above 
formnla, bat 3 is replaced sometimes by 2 or 4 : they are not 
zygomorphic ; fmit a capanle op a berry. 

Bob-otdei 1. IjnjjtM, viiih a locolicidal capsnle, introrse anthem, aod united 
■tjlea. 

In a nnaber of genera the six segmeots of Oie 
pfrianth cohere and fonn a tube which ends in aix 
more or lese deeply cut e^menta (Pig. 178) ; e.g., 
lly/uijithuii orUntalit, the stem of which ii an nnder- 
groand bolb (Fig. liB). Aloe has thicli fleahjleaTos; 
some speeiea, aa AloU loceolrina, have a strong woodj 
Btem, and are shnibs, or almost treea. 

There are also some amoiie lie very numerous 
genera in which the leaves of the perianth are distinct 

or cohere only for a very ahort distance from the base, ouwr- ( H tha three in 
which are of an aboreacent habit; for instance, the segmeaUi of the periB^ib, 
epecies of Yacca, which are indigenous to Central wblcb U taboiar mi Lhe 
America. The others havo nndergronnd rhizomes or lower part (nat. «ii^ . 
bulbs. TiioBo bulbfl (see J 5 and Fig. H fl) are. in (act, yery short atemH, ooyered 
ntitb eloHeIy-pa«ked eataphyllary leaves which are aauallj termed scalea ; aa 
long u they are yoong, and not very vigorous, they send np only foliage leavca, 
nbioh appear, year by year, above the groimd ; but in the course of yeoni the 
axis itself of the bnlb elongates and beara a teminal inflorescence. After the 
dowenng ia over, this axis dies dovD, and a lateral shoot is formed in the axil 
of one of the scalea which may either become a new bnlb, or it may at once 
develops into a floweilug axis, the lowest cataphyllary leaves of which are bnlb- 
Bcales. Ptionnium tenax (the New Zealand Flax) has ensilonn leaves, about 
three feet in length, epringing from the rhizome -, their strong bast.Gbrefl are 
used lor varions purpose!. LiHum candidum a the white Lily. L. bulbiferum, 
which produces bolbila in the aiila of the npper leaves, and L. Martagon, the 
Turk's eap Lily, have bnlba. Fritillaria imptnalit is the Crown Imperial, the 
flowers of which ore sonnounEed by a crown of leaves. Tulipa Qetneriana is 
the Tulip. Seiila naritima has a bnib which is not subterranean. Of Allium, 
several species are in cultivation for culinary purposes, as A. Cepa, the Onion ; 
J. oicalonicuin, the Shalot; A. Scfiomopraiuni, Chives ; A. porrum, the common 
Leek : A. lalivum. Garlic. The leaves of the vonous species of Allium are gene* 
rally tnbulor and hollow; the Sowers are disposed in spherical beads or nmbels; 
bnlbils are occasionally produced among the flowers. 



S3S PART IV, — TOB ctAsainciTiON or PLisxa. 

Sab-order 9, UcLimBinM or Coi.csiokx, iritli a Beptisidsl eapEcle, oboilU? 
etUoTH uitben, and Mpuate stf lea. 

Tajleldia palmlrit has enBi/ona radical leavei; the flowers, wbicb ftre pals 
gteen, are dlBpoied io a raoerue on a nape; it Dconn in the Dorlh ol Buglaad, 




Tio. 179, — ThftnndcTVTDimil pArt of a flowering pUinl of CoEchiciim oufitii 
franc 1 k thsoomii i' •" oaiapti; llHry Isarea «iabraolii||[ ihs flon-er^alSc ; vh lu 
wUoh prooesd tbe rhU, w. B l^ngiUidlnHl sectian : h h a brown mambmne 
Telopd all Ihe andergroimd parlii o( Cbe Dliuit i it Uie aoii>er uhI !aaf-alallc of U 
jMrirhichbnadleddown, lUBiToUenbasi]portioa(iIOonlvTomainiaeaiarwDrT 
malsriala for the dbit plant now in flower. The new plant is a lalernJ Bhool fro 
of tbe oorm (k). conainlnii of the aiis, from ths ban of whlob prooesd tbeniotB( 
mfddlB part of whioh (fc-) iinelli no in (he next year into a oono. [he old oorm (k) diaappear. 
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theBowera, (Altar Baoba.) 

in wet plttMS on moantaina, but it ia rare. Veratriim album and niprimi have , 

tiroad ovate leaves. Colehicton auCumnal* is ths Antamn Crooni ; 'when it ii ' 

fioweting In the antnma, the stem is undert^atmd -, it is at this time eiliart and i 
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pd»ideT(Fig. 179 k'), attached lateral]; to th« conn oltbeprevioas ^eiLr's grawlh 
(k), and bears a tev imperfeotlj derelopeil leaves {I' i") aa well as one or two 
flowers (b' b"i : the OTariea of the flowers ace also suhtecraDeaD ; the eii leaves 
of the perianth cohere and focni a lube of some oeutiinetFes in length, which 
grows far beyond the OTahea and aboTe the surface of the soil, terminating in a 
petaJoid aix'partite limb ; the stamens are attached in the npper portion of the 
tnbe. In the spring the nndergioond stem swells at its base (k') into a corm, 
and grows npcards, so that the developing leaves ((' I") and the capsule risa 
above groiznd ; a lateral shoot is formed Bt Us base, which, in the antnniD, 
produces flowers, and this repeats the process. 

Sab-order 3. AsfiliAOiNBjt. The fruit is a benj ; anthers introrse ; styles 

[ united oc distinct ; in the flower the parts are sometimea in twos or fours, 
instead ot in threes. 

DriKccna Draco, the Dragon-tree, has a stem which grows in thickness ; it is 
a native of the Canary Isles. Aiparagui officinalii is the Asparagos ; the young 
ahoots, which spring from the undor- 
gronnd rhizome, are eaten. Convallaria 
majalii is the Lily ot the Valley. Jfot- 
anthanum bifolium has a dimerous Sower. 
The spectes of Smilai are creeping shrobe, 
the leaves ot which have reticulated vena- 
tion. Bateui aeaUalui (the Butcher's 
Broom], and other species, are small 
ahmbe, with teaf-life branches (phyllo- 
etades), on which the diclinous flowers 
are borne in the axils of minute leaves. 
Parit quadri/olia (Herh Paris) is poison- 
oas : the flowers are tetrameroas, or 

exceptionsJly trimerons or pentameroua : ^la. IBO.— Diagmoj of the Howi 
they are terminal, and the stem beneath Poi« quodrtfolia .■ I the (oliago-laaTei 
bears four (or three or five) leaves in a ""c oqUjc i ip Ibe inoBC whort d( the 
whorl beneath the flower (Fig. 180) ; the "'"' 
venation of the leaves is reticulate. 




Ikller SacbB.) 






Order 2. Juncacej;. Floral formula, E3, C3, Ad + 3. G^'. 
■Plants of a gra§a-like aspect ; they differ from the preceding order 
the dry and glumaceoua character of the perianth. The leaves 
i linear or tubalar j the inflorescence ia an anthela (see p. 214). 

The species ol Luzula. which has a unilosular three-seeded ovary, mulliflora, 
piloia, eampeitrU, and lylvatica, are common in woods and on beaths. Juneui 
has a trilocular monj-aeeded ovary ; plants of this genus are called Hushes ; 
J. flaucut and effuiui have a tubular stem and leaves, and a terminal in- 
flOTesoence which is displaced laterally by a tubular bract which appears to be 
B prolongation of the stem ; they are common in wet fields ; J, ba/oniui, by 



^K«ayaides. 

^^B Order 3. Poktedeilucej:. 



Wat^r-plaatfi of tropical Amer 
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with a zjgomorphic petaloid perianth: in other respects they 

resemble the loliaceae. 

ft 

8EBIES n. SPIGTKfi. 
Ovaiy inferior. 

Cohort 1. Hydrates. Order 1. Htdbochasidaces. The flowers 
have a perianth, the inner whorl being petaloid, andnsnallj conform 
to the monocotyledonons type, bnt with mnltiplication in the andrcB- 
dnmand gynoeciom; formula Z3, C3, 23 + 3 +, C^^ (s + ...> The 
flowers are nsnallj dioecious the female flowers have staminodia ; 
the male flowers have no gynoeciom bnt an increased number of 
whorls in the andrcecium. The seed has no endosperm. Water- 
plants. 

Tribe 1. HydrilUa. Oraiy oniloealAc. Stem elongated, with whoris of 
small leayes. 

Blodea (Anaekaris) eanadensit eame originally from North America, and has 
spread in onr waters so as eren to impede narigaticm in canals. 

Tribe 2. VaUiMnerita, Ofazy nniloeolar. Stem short, with crowded 
leaves. 

VaUisneria ipiraUi inhabits the lakes and ditches of the wazmer parts of 
Europe. The leaves are long, narrow, and linear. The female flowers are raised 
aboTe water on long peduncles ; the male inflorescences break away from their 
peduncles and float about on the water to fertilise the female flowen ; the froit 
ripens under water. 

Tribe 3. Stratiotidea, Oraiy 6- (or more) chambered. Stem short, with 
crowded leares. 

Stratiotes alaidet (Water Soldier) has stiff narrow leaves. Hydroekarit 
Monut Rana (Frog's bit) is dioecious ; the plant is small and floats on the 
water, with smaU roundJ^-eordate leaves. 

Cohort 2. Dioscorales. Flowers r^ular: floral formula £3, 
C^ A3 + 3, G^ : fruit a berry or a capsule. 

Order 1. DiosooREX. The ovary is trilocular, with one or two 
ovules in each loculus: the flowers are dioecious. They are 
climbing plants, with large above- or underground tubers, and 
usually triangular leaves, with reticulate venation. 

DwMcorta Mtiro, BaUUas and others, known as Yams, are largely cultiyated 
in the tropics as a food rich in stareh. Tosnu ecmmumis, the Black Bryony, is 
<i>inmi>n in England. 

Order 2. Taccacejk. The ovary is unilocular and many-seeded. 

h» flowers are hermaphrodite. They are tropical herbs, and the 

*^*®^™^ spring from the subterranean rhizome hayo reticulated 
4ioii* 







I Order 3. Beokeliacej;. E3, CB, AZ + Z, G (3). 
Itiperior, inferior, or aemi- inferior, trilocnlar, with many seeds 
The segmenta of the caljx are sepaloii those of the corolla petaloid. 
The learea are nfiaaUy long and narrow, sharply serrate; the stem 
is generally very short. The flowers are hermaphi-odite, and form 
gpikes or panicles with bracts, 
Atianana tativa (Aoaaiis, Fine'SppU). The fniit is a berry, and the berries 
of each mfloroBeence coalesce into a spuiiaaa fruit (soroBiE), above wMch the 
aiia ol the in florescence extends and beai» a crown of leaveg. In a BtaCe of 
cnltivntion the berries contain no seeds. It is a native of America, and is cnlti- 
Tftled in all warm countries and in hot-hoases, 

I Cohort 3. Amomales (Scitaminei») The Sowers are zygo- 
morphic or asymmetrical : general formnla, sj/ K3, C3, A3 + 3, G-^, 
occasionally with a great reduction in the androecinm. Perianth 
wholly petaloid, or the calyK may be sepaloid ; opary trilooular. 
Tmit, a capsule or a berry. Usually no endoBperm, bnt abundant 
perisperm. They are tail herbaceous plants; the leaves are large 
6nd have pinnate venation. 

Order 1. Mcsacei. H* S3, 03. A3 + 2, 0-gi. Perianth petaloid, 
irregular; the anterior external member is uanally very large, and 
the posterior always very small ; in Musa the fii'e anterior members 
of the perianth are connate, forming a tube which is open pos- 
teriorly : the posterior stamen is sterile or absent, and the others are 
not always fertile. The sub-family of HelicouieiE differs from this 
type in the structure of the flower. They are all shrubs of colossal 
growth, with enormously long leaves: the flowers are usually ar- 
ranged in epicate inflorescences in the axils of lai^o and often 
coloured bracts ; sometimes several flowers spring from the asil of 
oaa bract. 





Tib. 191.— DlBgrum of UoBflrofMHBii. Tta. isa.— Duigrini of the fluner o( Zisgi- 

beracne, A Esdj-cluuia, II AIpiniB, 

Jfiuii paradiiiata (Tlantun). M. Sapieniiam (BanBiia), and iVf. EiufU are 
natitea of the ttopios of the Old World ; the two former are now distributed 
throughout America and applied to a great variet; of porposes ; the Imit, which 
ia of the nature of a beiTf , is an article ol lood, and the flbto-vasaolsc bundles 
are used (or making textile fabrics. 
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Older 2. Zikoibkucu. ^i, K5,C3, Ai3 + 1^2, Otb- Perianth 
aygomorphic. The three outer stamiuodes are conn&te, forming a 
leaf-like thiee-lobed body, the labetlum, the anterior median lobe 
being much the largest. Of the inner whorl of stamens the posteri<nr 
alone be&re a perfect anther, the other two being transformed into 
small glandular bodies. The flower of Alpinia (Fig. 182 B) differs 
Bomewhat from this type in its stmcture. There is a small amount 
of endosperm in the seed, in a depreseion in the perisperm. 



Order 3. Makutucu or Cisiucu. ^ ES, C3, AflorZ + If 
2, Qs- The andrcBciom is represented bj a nnmber of petoloid 
bodies, of which one only, the pos- 
terior stamen of the inner whorl, 
beats a unilocular anther (Fig- 
183 tt an) ; of the staminodia <me 
is larger than the others, and is 
reflexed, forming a tabeUwn (Fig- 
183 t) ; the narrow ones vary in 
nnmber in the different species 
(Fig. 183 a and /S). 
Caiuut iadiea uid other speciea az« 




Jmyhim Jfarmte, the ■twohy UMd 
prepftied bom the rhiiome of MarauU 
oTHMdinaeta, ia troe or West Indiio 
wrooroot. 



_ „ Cohort 4. Orchidales- Flowen 

Via. IBS.— rhiwer ot Oniu Hdi« [nat. , . , , . 

■ii«):/infanaron>iTi pothacntaripiUig Eygomorphic, reduced in the an- 
innerwhortoiihsperiwiaij f wjIb; «(Um droecinm which IS adherent to the 

fenita>taioai,wiUi<»)UiamiiUMriIUt>tf- ■ .1. . i -i 

lm=i««.d^U.e.«.««miaodi«. (Aflw KTn««»°™= pensnU. petaloid. 
BSoUer.) Formula, Nj/ X3, 03, Jl + 2, tf» 

Seeds very small, without endosperm or periaperm ; the embryo « 
minute undifferentiated mass of cells. 

Order 1. Obchidsx. The flowers of moat of the genera have tbs 
fonnulaN^EB, C3, Jl + t2,(?s: those of Cypripedium, howerer, 
have the formula ^KS,C3,A fl + 2, OjB (^- ^^ ^ £}• In 
consequence of torsion of the ovary the Sower is generally ao jdaoed 
that the posterior side of the flower, instead of being appermoet, as 
is usually the case, comas to lie inferiorly (n$i^itaW), The pea- 
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terior eegmeat (petal) of the inner whorl, called the lalellum (Pig. 
185, see also Fig. 155 0. '^ always larger than the others, and variea 
greatly in form; it frequently haa a spur (Fig. 185 «p) or a sac- 
shaped cavity (Fig. 155). The filaments of the three staniens 
adhere to the three styles; they together foiia the gynostemhivt, 
(Fig. 155 B, Fig. 187 B and C gs). The fertile stamen bears a 
bilocular anther which, by the absorption of the septum often ap- 
pears to be nnilocnlar, and in rare cases is qnadrilocnlar ; the othor 
two members of the andrceoium are starainodia (Fig- 155 x) and 
sometimes are only represented aa small tooth-like prominences 
(Fig. 184), In some genera the pollen-grains are separate from 
each other, in others they occur in groups of four (tetrads), and in 
the majority they are united into a mass which fills an entire 
pollen-sac (Fig, 185 p, 155 p). In the latter case pollination 
I always efEccted by the agency of insects ; the two pollen-masBea 




hia»eeou8 


Fia. IM.— Flower of OrnJiffmaieuli (in). 


B Cjpri- 






perimth leBiu ; * i iwg at tba inner ; 1 Ibe 




Ihbd Inner iwrianth laaf, the labellum, tiitb 




(ip) Ihespor; natlgmBi p poUen-mcs, 



(jioUima) become attached to the proboscis of the insect by means 
of a sticky part of the stigma, the rostellum (Fig. 155 h), and are 
conveyed to another flower on the stigma of which they are de- 
posited. In many foreign forms these arrangements for oroBS-fer 
tilisation are mnch more complicated. The ovary is nnilocnlar ; it 
contains nnmetoas anatropons parietal ovnlea. 

The indigenous species have underground rhizomes or tnhers. 
Two tubers are usually present : the older one, whicli, at the time 
of flowering, becomes flaccid (Fig. 186 A and B, 1), throws np the 
6oweriug scapo (Fig. 186 «) or, in young plants, a short nnder- 
gronnd stem which produces only leaves above ground. At the 
upper end of this tuber another much firmer taber is formed (Fig. 
186, 2), bearing at its apex the bud of the nest year's stem (K). 
The tabor ia to be regarded as a lateral bud which coalesces with 
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its first root (or mora thaa one. Fig. 186 B) and then iiu 
size. The lower end of an aadivided tuber, aa well as tite ends of 
palmate tnbers, has, in the jooa^ state at least, the same Btmctnre 
as the apex of a trne root. 





OrehU MoHo, and miliUaU have TOnnd or ovftl tubers (Fig. ISe A), 0. 

latijolia and ineamata have polm&te tubcn 

^ numing ont into roots (Fig. 1S6 B) ; Uw; 

oocnr in damp meadows. Oynmodmia 

cowpiea has long spikes of flow«n ud 

palmate tabers ; it OMnrs in woods and m 

heaths. Ophryi naucifera, apifera, and 

aranifvra have flowers resemblinK inMota; 

the; oocor, bnt are not common, on shaft 

pastores. CephaUmthera xvbra, EptpaetU 

laK/oIia, and others, have creeping rhiiomes; 

they are fonnd in woods. CoraUarrhua 

iimata has a ooral-like, bianehed, ondsr- 

groand rhitome, with no roots, Epipogiim 

Qmelini has likewise no roots; botb thess 

forms are devoid of chlorophyll, and grow on 

homns in forests. Neottia Ntdm-avi* also 

Is without ohloropbfll, and lives on hnmiu 

Fib. isr,— Flower at CyjinpiJium in woods; it has a flsshy rhizome thiokly 

CoImoIm; p p the lBB»e» ol the psri- beset with roots which grow in a tangled 

andi hiTB been cut away. A Bide ^^^ jj^^ ^ (,ij^,, ^ggj. CuprinediaM Cai- 

view. BBaokvlBw, C FrDnt view, , .i. » a , dv ^ - 

, .^,^„in-. . - >K. etolm, the Lady's Bhppor, grows in moon- 

twa lertlte aUmsDii i acamisode) n toin-woods; it has a oreeping rhiBome and 

atlsnu. (Attar SaDhB. broad ovate leaves ; the perianth is of a 

reddish-brown colour, except the labellmn, 

which is yellow, and forms an inflated sac. The whole Etruoture of the flowei 
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I nnlilis that aboTe described &h tj^ical for most ol the generiti tlie tno 
IS, whieb in other genera are reduced to Btaminodia, are fertile (Fig. 187, 
a, a, and eomp. Fig. 184), and the anterior stamen, wliicL in moeC cases is the 
only fertile one, is beie a large staminode (Fig. 187 a). 

A still greater varietj of forma ia found among the tropical geoera and species, 
which for the moat part groT npon trees (epiphytic) and throw out large aerial 
roots. Vanilla plani/oUa and other species have a long pod-like fruit nhlob ia 
well known for its perfnrne and QaToor. as Vanilla. Tanda, Oncidium, Phajns, 
and other genera are eitensirely cultivated in hothonseB for their beautiful and 
often fragrant flowers. 

Cohort 5. Narcissales. Fowers regalar or zygomorphic : not 
less thiin three stamens in the androBcium : perianth petaloid : seeds 
with endosperm. 

Order 1. AMAHrLLiBE«. X3, C3, ^3 + 3, or 12 to 18, G^. The 
flower is occasionally zygomorphic and nftrrowly fonnel-shaped : 
anthers introrse. The frnit is tisually a, triloctUar loculicidal 
capGole, sometimes a berry. 

AlstrcBmeria has a leafy stem 
and the habit of the Lily, The 
other genera bave a very abort, 
sometimes bulbous stem, and a 
long floral aiis. Ataaryllii far- 
moia is an ornamental plant, 
with large tubular fannel- shaped, 
nneqnallf toothed flowers. Ga- 
lanthUM niealii is the Snowdrop ; 
Lfucojam iiemuni, the Snow- 
flake. t-'arHiiui pinida-Narcitiut 
(the Daffodil), poeticui, and 
other species are favonrile garden 
plants. The ligulo! of the sii 
segments ol (he perianth cohere 
to form the tubular corona. 



Agave 






known as the false Aloe, i 

native of Mexico, bat has been 

natnralized in Southern Europe. 

The short stem bears a large 

rosette of very thick and prickly 

leaves ; when it has attained a 

sufficient vicotlr — in Sonthera _ „ ^ 

.. ^ ... . Fio. 18B.— DlagramoriheHowBTof I(1».aiid.ie* 
Europe, after from ten to twenty ^, ^^^ ^^^ ^j^^ ^^ remoi-al of the perianth i • 
years— it throws np an axis of pednnelei/lnteriorOTary; rtohalBrponinooriliD 
some yards in length, which periantln pa the insarUon of lbs ooler, jri of tbe 
branches very much, and bears innBTleavMof iboperiaDib; rtiiam. 
a large nnmber of flowers, which """"""""Pe" 
ue ammged somewhat in tbe form of a pyramid. 



I sllgmas (I 
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Order 2. Iridejb. Z3, 03, -43 + 0, G^. The flower is some- 
times zygomorphic : anthers extrorse : the fmit is a trilocnlar 
locnlicidal capsnle. 

Iris, the Flag, has a horizontal ondergroimd rhizome, which throws np 
leaves which are expanded in their median plane, and scapes ii^ch hear the 
flowers. The stigmas assume a petaloid aspect, and by Iheir concave onter 
surfaces cover over the stamens which are opposite to and below them (Fig. 
188). 

Irit pumila^ germanieay and others are favourite garden plants. J. pteudaeorvM^ 
the Yellow Flag, is conmion in ditches. Gladiolus has an underground bulbous 
stem and a tall, many-flowered scape; the flowers are usually zygomorphic ; 
O. evmmunit {illyrictu) occurs wild in England. Crocus, from which safiEron 
is obtained, has an underground corm, from which grows a very short under- 
ground stem ; this bears the leaves which rise above the ground, and terminates 
in a flower, the ovary of which is subterranean : the tube of the perianth spreads 
out above the ground into a six-partite limb, at the base of which the three 
stamens are inserted. 

Class X.— DICOTYLEDONS. 

The embryo has two opposite cotyledons; the endosperm is frequenUy 
absorbed before the seed is ripe. 

The ripe seed sometimes contains a large mass of endosperm and 
a small embryo, as in the TJmbellifersB and EnphorbiacesB ; fre- 
quently the embryo is relatively large and the endosperm occupies 
only a small space, as in the LabiatsB ; or, finally, the endosperm 
may be wholly wanting, and then the embryo fills the whole cavity 
of the testa, as in the Horse-chestnut, the L^uminosse, and the 
Composit®. 

The embryo usually has distinct members, consisting of an axis 
and two opposite cotyledons; in rare cases, e.g., Corydalis, only 
one cotyledon is present, or abnormally three may occur, as is 
occasionally the case in the Oak and Almond. The cotyledons 
usually constitute the greater portion of the embryo, as in the 
Leguminos8B (Fig. 189 A c) and the Horse-chestnut, where they 
are thick and fleshy. The stem {caulicle) bears at its apex above 
the cotyledons either a bud consisting of several leaves (plumtde)f 
as in Vicia (Fig. 189 Kn\ or it is naked. In parasites and sapro- 
phytes which are devoid of chlorophyll, and which have very small 
seeds, such as Pyrola and Orobanche, the embryo is quite undiffer- 
entiated, and it consists of only a small number of cells. 

On germination, after the testa is ruptured, the hypocotyledonary 
portion of the axis elongates so as to push the root out of the seed ; 
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the root immediately begins to grow rapidly and attaina a consider- 
able length (Pig. 189 B h), whilst the remainder of the embryo is 
still contained ia the seed. The cotyledona may either remiiin 
enclosed in the seed during; the whole process of germination, and 
perish so Boon, as the nutritions Bubstances contained in them have 
been absorbed by the plant {e.g., HorBO-cheetnnt and Vicia, Fig. 
189), their petioles at the same time elongating bo that the plnmnle, 
which at first is bent inwards, is piished oot and subsequently be- 





bi cot; ledOD* reiaoved i e the remaning cntyledoni 
wisdiolflj ktt plnmole; iCastL B Gflmdrutlng seed; 
• teaUi : 1 a portiOD of Uie tut* torn hwaj ; n hllum ; 
•t petiole ot oat ot the ootf ledona ; k oorvsd epl- 
flo^Jedoojirj portioa of the nxla; he the vwy short 
hypoeatylBdonary portion of the aiia ; h the primiirr 



riB. IM.— eeedllnEofBheUaple 
(nu. fUe] ] c the cotjledouB j in 
the p!imta]fl| hd the hypocoty- 
ledDBUT portloD oC the aiis ; v> 
primary root; h root-hun- (the 






I of the 



oatjledon*. 

cornea erect ; or, as is more generally the case, the cotyledons escape 
from the testa (Fig. 190), become green, and act as the first leaves 
of the young plant. 

The ana of the embryo frequently persists as the main axis of 
the plant, which grows in length and produces numerous less 
vigorous lateral shoots ; but it often happens that some of these 
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lateral branches snbseqnentlj grow as yigoronslj as the main axis ; 
when this is the case, and when also the lower and feebler shoots 
die off, a head, snch as is common in forest-trees, is the result ; in 
the case of shmbs, vigorons branches are formed qnite low down on 
the main stem. In many forest-trees the stem (tnmk) and branches 
form a sympodinm, the uppermost lateral bud growing each year 
in the direction of the main axis, which does not itself develope 
any further (§ 6) ; besides these there are many and very various 
arrangements by means of which the life of the individual is trans- 
ferred to new lateral shoots ; such as the formation of rhizomes, 
runners, tubers, and sometimes of bulbs, on stems and roots. 
When the axis of the embryo continues to be the main axis of the 
plant, the primary root also developes greatly, and forms a tap-root 
from which the lateral roots grow in acropetal succession ; in cases 
in which the growth in length of the tap-root is limited, numerous 
adventitious roots spring from its older portions ; these may again 
give rise to lateral roots, and by a repetition of this process an 
elaborate root-system is formed. 

The fibro- vascular bundles of the stem are almost always open, 
and the growth in thickness of the stem is effected by the activity 
of the cambium-ring which is formed (§ 26). In certain cases, 
there are, in addition to these fibro- vascular bundles which together 
form a ring, other isolated bundles which traverse the stem longi- 
tudinally, as in Begonia and Aralia ; even more complicated modi- 
fications in the arrangement of the bundles occur in Piperaceffi, 
Sapindaceae, MenispermaceaD, Phytolacca, etc. 

The branching of the stem is invariably monopodial (§ 6) and 
almost always axillary. Those cases in which, as, for instance, in the 
racemes of the Crucif eras, the bracts are suppressed, are obviously 
not exceptions to this rule. 

The leaves exhibit infinite variety both in their relative position 
and in their form. The foliage-leaves almost always consist of 
petiole and blade ; sheaths which surround the stems are com- 
paratively rare, but stipules, on the contrary, are very conmion. 
Branching or segmentation of the leaves is conmion and is frequently 
indicated by the incision of the margin. The venation of the leaves 
is characterized by the presence of a large number of veins which 
project on the under surface, except in thick fleshy leaves, and 
which frequently anastomose ; a midrib is almost always present, 
giving off lateral branches to right and left. 

The flowers, when they are lateral, are usually furnished with 
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isiderably In their atmctnre 
! type. The following are the 



P two bracteolos : they differ very ( 
and caimot be referred to t 
principal forma : 

1. In a considerable nnraber the perianth, which ia simple, and 
the aadroecinm are isomeroua, conaiating of four, five, or six raem- 
bera ; their arrangement ia either spiral (i), or whorled so that the 
stamens are always superposed on the leaves of the perianth ; the 
latter are all similar and are eepaloid. Forranla F5 \ A5, or Pa. 
+ n, Aa + n, whore n - 2 or 3. Thia atrnctnre prevails in some 
of the Monochlamjdote (Urticales, Amentales, QnemaJea). 

2. In a second gronp, all the parts of the flower are arranged in 
a contlnnous spiral : the perianth may coasiat only of a calyx, or a 
corolla may be developed in place of the external stamens; when 
this is the case it alternates with the calys, provided that it ia 
iaomerona with it, as in most Hanales. 

3. With theae two types are connected by many intermediate 
forma those flowers in which the biseriate perianth and the stamens 
are in whorla ; their formula is Eh, Oa, An + n, where n nanally = 
5 or 4. This ia the moat conunoa type of the atrnctnre of the 
flower; it occurs in most Polypetalte and Gamopetalie; it may be 
modified either by the suppression of one (usually the Inner) 
whorl of stamena, or by their multiplication, theb* branching, or 
their cohesion, or by the suppression of the corolla. 

4. Finally, there remain certain flowers which cannot be directly 
referred to either of the above types, and they must therefore 
be left unexplained for the present, and the relationships of their 
families must remain uncertain. 

The snb-divIsionB in which the Dicotyledons are arranged in the 
following clasalficatioa are especially characterized by peculiarities 
in the structure of the flower. It is impossible, however, to draw 
sharp diatinctions between the sub-diviaions, the orders, and some- 
times even between the families, for the position of a plant in the 
system depends not upon any one character, but upon the aggregate 
[Of its characters. 
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SUB-CLASS L MOSOCHLAMYDKJR. 



Cohort 1, Piperales. 

Order 1. Pipibaceje. 
Cohort 2. Urticales. 
Order 1. Urtioli. 

„ 2. MORUB. 

9, 3. CAnrABDTKS. 

„ 4. Ulmacia. 

5. PLATA5EA. 

6. Ckratophtllca. 
C(^rt 3. Amentales. 
Order 1. Bctulacea . 
2. Mtbicace^. 

3. CASUABOrEA. 

4. SAUcnnEA. 
Cohort 4. Euphorbiales. 
Order 1. Ec7PH0BBIace^. 

M 2. BUXJHEA. 



>» 



»t 



w 



w 



Cohorts. Daphnales. 

Order 1. THmuEACE2. 
yy 3. Pboteackx. 

„ 4. liAUBEnX. 

9, 5. Mtbisticeje. 
Cohort 6. Chenopodiales. 
Order 1. Che50P0Diac£s. 
y, 2. Amabastacils. 

„ 3. PHTTOURXIACEf. 
„ 4. NTCTAGDf££. 
„ 5. POLTGOHBii. 

C<^ort 7. Nepenthales. 
Order 1. Nbpenth££. 



SEBIES n. EPIGYN^. 



Cohort 1. Quemales. 

Order 1. Juolakdea. 
„ 2. Cobtlacejs. 

,, 3. CUPULIFEB£. 

Cohort 2. Asarales. 

Order 1. ABiSTOLOcnms. 
2. Cttinacea. 



Cohort 3. Santalales. 
Order 1. Sahtalacea. 

2. LOBANTHACEiE. 

3. Balanophobea. 



n 



ft 



tf 



SUB-CLASS II. GAMOPETALiEJ. 

SEBIES I. HYPOGYNJS. 



Cohort 1. Lamiales. 
Order 1. Labiatj). 

2. Yebbenacej:. 

3. Olobulabiej:. 

4. Plantaginejb. 



»» 



» 



99 



Cohort 2. Personates. 

Order 1. ScBOPHULABnrE^. 

2. BiGNONUCEA. 

3. AcANTHAGRfi. 

4. GESNEBACEiB. 

5. Obobanchks. 

6. Lentibulabie^. 



99 



99 



99 
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n 



99 



»> 



19 



Cohorts. Polemoniales. 

Order 1. Convolvulacej:. 

2. cuscutejb. 

3. polehonucils. 

4. solanaceje. 

5. boraqineje (as- 

perifolia). 
Cohorts. Gentianales. 

Order 1. Gentianej:. 

2. Loganiacej:. 

3. Apocynej:. 

4. asclepiadea. 

5. Oleace£. 

6. JlSMINEiB. 



99 



99 



» 



» 



99 



Cohort 5. Ebenales. 
Order 1. Sapotre. 

„ 2. ESENACEiB. 

„ 3. Sttrace^. 
Cohort 6. Primulales. 
Order 1. Primulaceji. 
„ 2. Mtrsinej:. 
„ 3. Pluhbagd^^. 
Cohort 7..Ericales. 
Order 1. Ericaceje. 
2. Epacridej:. 

3. RnODORACEiB. 

4. Ptrolacej:. 

5. MONOTROPEiE. 

6. VAccmiEJE, 



» 



»f 



n 



>» 



9» 



Order 1. Bubuceje. 

2. Caprifoluce^. 



99 



SEBIES IL EPIGTNJS. 

Cohort 1. Campanales. Cohort 3. Rubiales. 

Order 1. Campajtulacea. 
„ 2. Lobeliaceji. 
Cohort 2. Asterales. 

Order 1. YALEBiANEiE. 

2. DlPSACE^. 

3. COMPOSITJE. 

SUB-CLASS III. POLYPETAL^. 

SEBIES I. CALTOIFLOBiB. 



99 



n 



99 



99 



Cohort 1. Umbellales. 

Order I. Umbellifera. 

2. Aralucea. 

3. cornacea. 
Cohort 2. Ficoidales. 

Order 1. Cactbjb. 

^ 2. AlZOACEiE 

idea). 
Cohort 3. Passiflorales. 
Order 1. Passifloraceje. 

2. Papayace-«. 

3. Begonugils. 

4. cugurbitaceje. 



99 



99 



99 



99 
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Cohort 4. Myrtales. 

Order I. ONAGRACEiB. 

2. Ltthrarieje. 

3. Myrtacej:. 
„ 4. Rhizophorack£. 

Cohort 5. Resales. 

(Fico- Order 1. Rosacejb. 

2. LEGUMINOSiB. 

3. Crassulacea. 

4. Saxifragaceje. 

5. Droseraceje. 

6. Hamamelideje. 

7. Haloragideje. 

8. HlPPURIDEJE. 

9. Callitrichineje. 



9> 



99 



99 



99 



99 



99 



99 



99 
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8EBIES n. 



Cohort 1. Sapindales. 
Order 1. Sapindacea. 

„ 2. ACEEINEA. 

M 3. TsEEBIKTHACEfi 

(Anacarducej:). 
„ 4. Staphtleacea. 
Cohort 2. Celastrales. 
Order 1. Celastbineje. 
2. Rhamnea. 

3. AMPELIDEii. 

Cohort 3. Olacales. 

Order 1. Iucinea (Aqui^ 

FOLUCBiE). 

2. Empetres. 



>» 



»f 



DI8CIFL0B£. 

Cohort 4. Geraniales. 

Order 1. GBRANUCEiS. 

2. LlNKJl. 

3. Ebtthboxtle^. 

4. OlAT.TPKJE. 

5. BALSAMINSiB. 

6. Tbop^colsa. 

7. ztqophtlls& 

8. RUTACKA. 

9. MELUCS& 

10. SlMABUBEJB. 

11. BURSXRACXJB. 



99 



99 



99 



99 



99 



99 



99 



99 



8EBIES m. THATiAMTFLORB. 



>» 



99 



Cohort 1. Malvales. 

Order 1. TiLUCEiE. 

2. Sterculiacea. 

3. Malyacea. 
Cohort 2. Guttiferales. 

Order 1. Htpericinea. 

2. ELATINEiE. 

3. Ternstr(eimaces. 

4. Clusucea (Gut- 
tifera). 

5. DiPTEROOARPEiE. 

Cohort 3. Caryophyllinae. 
Order 1. Caryophtllace*. 

2. PORTULACACEiB. 

3. TAMARISCINE2B. 

Cohort 4. Polygalinae. 
Order 1. Poltgalaceje. 

2. PiTTOSPORRfi. 



99 



99 



99 



9) 



91 



Cohort 5. Parietales. 

Order 1. Papavkragbx. 

2. fumarucbjc. 

3. Cbugifera. 

4. CAPPABIDBiE. 

5. Resbdaceje. 

6. CiSTIKBJB. 

7. Belacsje. 

8. VlOLARIAa. 

9. SABRACBinACSA. 

Cohort 6. Ranales. 

Order 1. RANUKCULACEiE. 

2. Maqnolucsje. 

3. Caltgamthageje. 

4. NTMPHAAGEiB. 

5. Mbnispbrmacejb. 

6. Bbbbbbidsa. 



99 



99 



99 



99 



9» 



99 



99 



99 



99 



99 



99 
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99 
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SUB-CLASS I. MONOCHLAMYDEiB. 

The flowers usually have a simple sepaloid perianth, or it may 
^ absent ; they are usually diclinous. 



I 
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SBBIB8I. HTFOGTNiBI. 
Ovary superior. 

Cohort 1, Piperales. Tlie flowt3rH are usnally hermaplirodite, 
they are arranged in a spike or & spadix, with bracts ; perianth 
BSaally absent. Ovule orthotropoaH, solitary, basal, or Ensponded ; 
a there are several parietal ovules. The embryo it. 
■mall and lies imbedded in endosperm, in a depression of the abaa- 
dant perispcrm- 

Order 1. Piferacf.s. Ovary unilocular, 
with a einglo orthotropous, erect, central 
ovule. The inflorosceace ia a long spadis, 
with peltate enbtendiug bracts (Fig, 191/, 
below), is the asils of which the floi 
situated. The Bower consists only of an 
cvary (Fig. 191 /, above) and six, three, or 
sometimes two stamens ; the fruit is a berry. 

Piper nigrum h It climbing shrab belonging to 
tbe East Indies; the nnripe dried fruits are bUek 
pepper; vhita pepper ooDBisti of the ripe fraitsof ' 
'ihe i&me plant, which, otter n 
from tlieir outer oo»t. 

Cohort 2. Urtlcales. Flowers nanally ' 
diclinous, in iufloreacenoes of various forma : perianth usually pre- 
sent, simply sepaloid, consisting of five or four (2-^2) segments; 
stamens opposite to the segments of the 
perianth excepting in the Platanea (Order 
5) ; ovary monomcrous, usually unilocular, 
a second rcdimentary carpel being osnafly 
present in the form of a second style; ovule 
solitary, in different positions. Seed com- 
monly containing endosperm. The inflor- 
escences in Orders 1-3 are usually situated 
two together at the ba«e of a modified shoot 
which springs from the axil of a leaf, and ( 
they are cymoae (Fig. 192). The leaves i" i" "" "f "'■I'^h *• '^a 
are generally hirsnte. vbioh ua iha inDomcencu 

Order 1. TJbtices. Ovnle central, ortho- ('). "itiwiii any iwwrt* (nw. 
tropons, erect. Seed containing endosperm. 

They are mostly herbs or shrubs without milky juice and fre- 
quently provided with stinging-hairs: loaves alternate, stipulaf*. 
Flowers polygamous, moucBctoas, or dicDcioos, in. panicolat^ or 
elomerulate inflorcBceuces. 



Fia. 1»1.— Fart ol Uia Bp>- 
' Plpemrolli. witt ■ 

', (read """"^ ' f^"""* "■" '"''■ 
(andlng brsct i ■ ■ tbo two 

, wrhee attbe apadli (mag.). 




tia, in.— Part or (ha (t 



248 



PART IV. — THE CULSSinCATIOK OP PLANTS. 



Urtiea urem and dioiea (Stinging Nettles) are known by the stinging hain 
which arc distributed over their whole sorfaoe : the two outer segments of the 
perianth of the female flower are larger than the inner segments (Fig. 193 B), 

In the former species the male and female 

flowers are contained in the same panide, and 

the floral axis is but feebly developed ; in the 

latter they are on different plants, and the axis 

is well developed and bears leaves, Bdkmeria 

nivea^ a native of China and Japan, has strong 

bast-fibres used for weaving the material known 

Tie, 198.-^ lUle; B female in England as Grass-doth. Parieiaria ereeta, 

flowers of the StioKing Nettle, having polygamous flowers with a gamophyl- 

Urtiea } p perianth; a stamen; n' loos perianth, and destitute of stinging-hairs, 

rodimentary ovary of the male ^^^^^ occasionally on walk, by roadsides, etc 




flower; op oater; ip inner whorl 
of the perianth; » stigma of the 
female flower (mag.). 



Order 2. Mobsjb. Ovule snspoided, 
anatropons or campylotroponSy more 
rarely basal and orihotroponB : seed with or without endosperm; 
the fruit is enveloped by the perianth, which becomes fleshy, or by 
a fleshy floral axis. Trees and shrubs with milky juice, scattered 
leaves and deciduous stipules. 

MoTUM alba and ni^ra (Mulberry) come from Asia ; the flowers are disposed 
in short catkins ; the catkins are borne singly on shoots whidi, at the time of 
flowering, are still buds, and they contain flowers of one sex only (but the 
flowers are monoedous) ; the female flowers give rise, as ripening takes place, 
to a spurious fruit (sorosis), consisting of spurious drupes formed hj the 
perianths. The leaves, particularly of the former ^)eoies, are the food of the 
silk-worm. Brotutonetia papyriferia (Paper Mulberry) has flowers like the 
preceding, but they are dioedous. The bark is made into paper in China and 

Japan. Maelura tinetoriat in Central America, yidds 
Fustic, a dye. Fieus Carica is the Fig-tree of Southern 
Europe ; the fig itsdf (termed a syconus) is the deeply 
concave axis of the inflorescence, on the inner surface 
of which the flowers and subsequently the imits* in 
the form of hard grains (achenes), are borne (Fig. IH 
mf) ; the cavity is dosed above by small bracts (Fig. 
194 6). Ficus eUutiea is the Indian-rubber tree; it is 
frequently cultivated in rooms. F. religioia and other 
East Indian species yidd Caoutchouc, which is their 
inspissated milky juice (latex). Artoearpua incUa is 
Fig. IM.— Longitudinal the Bread-fruit tree of the South Sea Islands; the large 
section of a FiR (nat. size): spmious fruit (sorosis) of this tree is roasted and eaten 
a a fleshy a»s of the in. ^^ ^^^^^ Qalactodendron uHU, the Cow-tree of 
florescence ; / female ; m i w» 

male flowers; b bracts. Columbia, has a nutritious latex, while that of AntiarU 

toxicaria (Java) is poisonous. 

Order 3. Cannabine^. Ovule suspended, oainpjlotropou£. 
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■Flowers dicBcions, in pamcled inflorescencea. The male flowers 
■ (Fig. 195 A) have a 5-partite perianth and 5 short stamenB; the 
■female flowers have a tnbnlar entire perianth (Fig. 196 B p) 
^enclosed in a bract (Fig. 195 B d). 

D3 with decnsaate leaves— at 

■ the lower ones — and per- 

nt etipules ; devoid of lates. 







A Utds a: 






Cannabis lativa, the Hemp, is n native at 
Aiu. onltiTated thionghont Europe, The 
male iofloTesoencea are pnnioled diBhaaia 
01 scorpioid ojmes, and aie disposed oa 
both Bidta ol a tudimentorj shoot at tho 
apex of the plant : the female Sowers are 
placed ainglj on both sides of a similar _ 
■hoot, which bears seoondar; shoots i: 
the Biils of its lesTes, each having two pales, from tha commoaudl of nhicli Ibu 
flowers. The toogh baat-Qbres are used bmnoh bearing the flower* gptings. 
in weaving uii for ropes ; (he seeils coDlain a great deal of oil. ITuniuIiu 
Lvpului, the Hop, is both cnltjvated and found wild. The Btem, which has 
the pecnlioritj of twining to the right, biiars its leaves in pairs, each o( which 
has two pairs of membranous Btipules, In the infloresoenoe the biacta are 
placed singly, and are finally represented only by their stipules. In the female 
infloreacense, which has the sppearanoe of a Hr-oone, a rodimentary shoot is 
present in the axil of each pair of Btiputes which bears two flowers on each side ; 
it seems at first sight as if two fiawers were developed in the aiil o( each stipule 
(Fig. 195 B). All the bracts are covered, especially on the upper sorfaee, with 
tiiinieroas yellow glands. In tha male infloresoenoe the shoot which l>eara the 
flowers is well developed. 

Order 4. Ulmace*. Ovnle anspended and solitary. Flowera 
mostly hermaphrodite, with a 4-6-partite 
perianth (Fig'. 196^). Woody plants devoid 
of milky jnice: leaves alternate, wilihdecidn- 
onB stipolea. The inflorescencea (glomernles) 
are borne directly in the axils of the leaves. 

In the genus Ulmus the hermaphiodUe flowers 
are fascicled la the atiis of the leaves of the previous uimm cmnimMi (msg,); d 
year, and they are invested by bud-Bcalea : one or bract; p perlanthj a Uunen*. 
more flowera ore developed in the aiil of the inner- » P™'' (larai™) (Q". «»»): 
most scale before the opening of the leaves. The " inemtjraDOQi niatffin 
ovary is bilooular. The fruit ia a samara, that ia, an 

aehene with a broad membranous wing (Fig. 196 B). The leaves are alternate, 
and always obliqne. The annoal shoots have no terminal bud, and BO they form 
a lympodinm. Two species of Elm are indigenoos in England. Utmui eampci- 
trt(,the commoD Elm, and UJmtM moMana, the W;ah or Mountain Etm: the 
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fonner has rather slender brandhes, leaves with distinet petioles and senate 
margixis, somewhat narrow at the base, and a seed whieh is aboTO the centre of 
the samara ; the latter has thick horizontally spreading hranchea, leaires with 
▼ery short petioles and donbly serrate margins, broad at the base, and a seed 
whieh is central in the samara. Celtis auitrdli$t from Southern Europe, and C. 
oeeidentalist from North America, are often cultivated as ornamental trees; 
their flowers are polygamous, and they are placed singly or several together 
in the axils of the oblique acuminate leaves : the ovaiy is unilocular : the fruit is 
a drupe. 

Order 5. Platanea. The diclinons flowers are arranged in 
glomerales borne laterally on pendnlons branches. In the male 
glomemles a number of stamens are present together i/vith scales 
which probably represent the several perianths: in the female 
glomemles there are similar scales among which are the nnilocnlar 
ovaries, each containing a single suspended orthotropous ovule. 
They are trees destitute of latex, having scattered leaves and per- 
sistent sheathing stipules. 

Platanus oecidentalUf from North America, with three-lobed leaves, and 
P. orientalis, from the East, with usually five-lobed leaves, which are often 
cuneiform at the base, are frequently cultivated (especially the former). The 
smooth bark, which is shed in flakes, is very remarkable. The Plane may be 
at once distinguished from the Maples, which resemble it a good deal in the 
form of the leaf, by the scattered arrangement of the leaves. 

Order 6. Ceratophtllbj!. Submerged water-weeds of doubtful 
affinity, with whorled, sessile leaves dichotomously divided and 
subdivided ; in the axils of some of these the diclinous monoecious 
flowers occur. The male flowers consist of from 6-12 perianth- 
leaves and about as many stamens; the female flowers have a 
similar perianth and a unilocular ovary with a single suspended 
orthotropous ovule. 

Ceratophyllum demenum and iuhmertum occur submerged in ponds and 
ditches. 

Cohort 3. Amentales. The flowers, which are always dicli- 
nous and generally monoecious, are arranged in catkins (amenta). 
The perianth, when it is present, consists of five, four (t.e., twice 
two), or six (i.e., twice three) segments ; the stamens are generally 
superposed on the segments of the perianth. The ovary is usually 
inferior, di- or tri-merous, with numerous ovules. The fruit (wiih 
the exception of Order 4, the SaHcineae) becomes by abortion one- 
seeded, and is indehiscent : the seed has no endosperm. The 
flowers are furnished with bracts which often form investments 
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: the fmit : their arrangement in the first three familiea ia aa 
follows : in the axil o£ a primary scaly bract (the primary bracts 
being arranged spirally in the amentum) is a flower (6) with two 
bracteoles a and ^, in the axil of each of which is another flower 

kwith two more bra«teo!es o' and ^ (Fig. 197). They are trees 
ud ahmbs. 
Order 1. BETCLiCEi. The flowers are monceciona, but in dif- 
ferent cattins. The female flowers have no perianth : the ovary 
is bilocolar, with two ovules ; the fruit is one-seeded, indehiscent, 
without any investment : the primary bract is coherent with the 

I two or four bracteoles (the bracteoles a.' are always absent) to form 
b three or five-lobed scale, which does not adhere to the fruit. 




—Diagram ot a gnrap 



f 

IBB.^A Scale From a mala catkin of 
neons : Ibe ulllaiy brancb BdbBrea to 
e (•), il bora roar bnoUolea uid three 
plant I d primary bract! h tba SairerB: two of thsSonrenua tcea laeraOy 
iDDdlU) Bower, with tfaeuootidar; t^' f), the median one Ironi above i pperionUii 

i.braete (braotcnJoB), aand^i Vh'' ortameaB. B Scale Wor a rsmale catkia o( 
the two lateral aowem. n-ith the the Borne plant : ita atillar; branob bean two 
UrUu? bracts, o'and^. lalertl liranchei, each of which beiuv two 

Alnnii, tha Aider. In the mnla amenta three Bowers with lour bracteoles 
occur in the uiil ot tha primary brucl, each 9o«'er having a perianth of font 
iegmenta and four unbrosched Btamena. In the female amenta the median 
floVGi ia ahBent ; the four braoteoles coalesce with the primary bract (Fig, 19S 
£ D (| to form a flve'lobed woodj acalo which pecBiste after the tall of the fruit 
which is not winged. The male catkins are borne terminallj, and the female 
laterally on the hieheet lateral branch, on tha shooti of the previouB year ; the; 
are not enclosed bj hnd-Bnates during the wjoter, and blossoming takes place 
before the opening of the leaves. The leaves have usuaU; a f arrangement ; In 
A. ineiaia, the wliite Alder, the leaves are ocaminate and gray on the under 
■urtace; in A. glutiaota, the block or common Alder, they ore obovate or even 
emarginate and green on both Eurfaces. In Alnut viridit, the motmtain Alder, 
the male oatkine only are destitute of bud-scnles in the winter. 

BetoJa, the Birch. In the catkins of both seies the three flowers have only 
Um brsoteolea a and 0. In the male flowers the perianth is usuoll; incomplete, 
and there are only two stamens, the filomeots of which ore forked. In the 
female oatkins, the two Lracteoles cohere witli the primary bract to form a 
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tlirw-liibed aMlC whiali UI* off together with tha wingad bxdt. The mftle «t- 
kiiu u* borne tarminally oo the •hoot* of tha prerioiK jear, mnd are not 
oorered with bnd-MalM dnring the winter ; the female eatkiiw h« bome ter- 
minaU; on lateral dwait-thoote, whioh hare onlj a few leaTea, and ttaey are 
enoloaed bj bnd'ioalai during tha winter ; ai a oonaeqaenoe, flowarlng takei 
plaoe alter tha nnf<^ding of the leavei. The shoot* of laeBeBaiTe yeara form 
■ympodia, and the leaTei are arranged ipirally. B. vtmieota ha« wMta glanda 
on the leave* and yonng thoote ; B. pu}>t$eent haa no glandi, bnt the ehooii are 
balr; ; it la a northern form ; B. frutUoia and B. wtiia are ihioba oeenrrins in 
high latitadei ; B. alba is the common Bireb. 

Order 2. Mibicackx. Trees or ahmba; tha flowers, whicli are 
diclinous and sometimea dioaciona, are arranged in o&tkiiia; a 
perianth may be present or absent, wben present it ia scaly, Tbe 
ovary is dimerona and unilocular, vith one erect ortbotn^oiu 
ovTile. 

Mgriea QaU, the Bog-Myrtle, ii a ehrab oeonrring on 
belonging to North Amerioa, leoretee a qnluitity of wax oi 

Order 3. CAfliTABiirEX. Treea having aomewhat the appearance of 
Horse-taila (Eqniaetnm), with long channelled intemodee uid leaves 
forming a toothed sheath. The flowers are in onisexaal catkins; 
the male flowers conaiat of a single stamen and two perianth leaves, 
the female of a imilocnlar ovaiy invested bj two bracteolea, 'which, 
when ripe, are hard and woody ; the whole female catkin then 
rcaemblea a pine-cone. 

Several speeiee of Caenarina ore indigenon* in Australia. 
Order 4. SiLiCora*. The dioeciona flowers are arranged in 
amenta, and they are bome in the axils of the bracta without any 
bracteolee. The perianth is represented 
by a disc or a acale. The ovary is di- 
merous and nnilocnlar, and contaiiu a 
number of parietal ovules. The dehis- 
oence of the fmit is loctdicidal ; the 
seeds are famished with a pencil of sill^ 
hairs at their bases. The catkins are 
I developed at the ends of lateral dwarf- 
i shoots which alwa^ bear scales or even 
a, few foliage-leaves. 
Sslii, the Willow, haa entire brocta, one or more nectaries (glanda) in eaeh 
flower, and nsnally two etamens, entire shortly-etalked leaves, and ita winkr- 
bnde are covered by s Boale which is lormad by tbe eoaleaoeuoe of two. The 
ehoote, which grow thronghoat the smnmcr. die down yearly. Some spaaiee. 
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neb e,a S. alba, fragitii, eaid ia&yJontea, the Weeping Willow, have penduloas 
blanches, and are aiborescent ; most of tbem itra ahrabby, and Eome, Buah as 
S. rrtietilala, reOaa, &nd htrbaeta ore small decnmbent sbxabs occarring in the 
Alps and in high latitudes. In S. purpurea and incana tba two stamenB am 
connate : S. triandra has three atam^cs. Most of the speeies grow on the banks 
otrivera; S. auriia and eapraj in (oreats, and S. rtperu and others on tnoors. 

Fopolna, the Poplar, has toothed or lobed braota, a discoid ptiianth, and 
nomeroui (4-30) stamens ; the lea^eH are often lobed and bare long petioles ; 
the winter-bndg are enclosed b; a number of scales ; the shoots have a terminal 
bnd. In the Seation Lence the joung shoots are pnbeacent, and the bods 
ore not viscid : the male Soners have usnally onl; from 4-8 stamens, and the 
stigmas have S^l lobes : to this section belong P. alba, the White Poplar or 
Abelc. with five-lobed leaves on the elongated shoots, which are woolly beneath ; 
and P. tremula, the Aspen, 'with sinaate-serrats leaves, glabrooa beneath, wbiah 
are versatile on the long slender and compressed petiole, and which ore there- 
tore very readily set in motion bj' the wind. In the Section Aigeiros, the 
jonng shoots are glabrons and the buds viscid : the bracts are glabrous, and the 
number ol Etomens is usnolly from 15-30-, the stigmas are entire or shortly 
lobed: to this sectioQ belong P. nipro, the Black Poplar, and a variety with 
enct branches, the Lomlnudy Poplar ; of the latter, only mole individuals are 
y cultivated. 



tho 



I Cohort 4. Euphorbiales. Flowera nsnally dicli 
Brianth sometimea consists of calyi and 
is simple, and occasionally it is absent : 
the ovary is nBnally trilocnlar, with ' 
one or two anatropouB and generaily 
suspended ovules in each loculns ; the 
seed contains endoaperm : the Btmctiire 
of the flowers ia very various. The afl5- 
nities of the gronp are not accurately 
known. 

Order 1. EoPHOBBrACES. The frnit is 
usually dry and dehiscent, splitting sep- 
iicidally into cocci. The micropyie of 
the BoHtary suspended ovnle is directed *'"'■ 
outwards. They are plants of very ,„ tb( 
various habit and floral structure, and flow*' 
they mostly contain millcy juice. gimnii 

The g«n<is Euphorbia has cytnoee >*■ ps 
umbels or dichaaia, the branches of which " 
t«rminate in what were formerly regarded as hermaphrodite 
flowers, but are really inflorescences, each one being termed a 
eyaihium. The cyathiom consists of a tubular involncre (Fig. 




»0.-P»rt of an InBorsi.- 






badi (k%): p is lis iTiTO. 


If the cTBthlum ; dr tha 




diMl of the foioalt flower 
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200 J)), between the five lobes of which glandular appendages, often 
of a semilnnar form, are situated (Fig. 200 dr). Within this in* 
volncre are numerous male flowers in five groups, each of which 
consists of a single stamen (Fig. 200 a) and is terminal on a long 
pedicel, and one female flower (Fig. 200 g), consisting of a tri- 
locular ovary (Fig. 200/), at the base of which an indicatian of a 
perianth may in some cases be detected. That the cjathinin is an 
inflorescence and not a single flower is most clearlj visible in some 
foreign genera (Monotaxis), in which a perianth is distinctlj de- 
veloped round each stamen. There is a single ovule in each loculus 
of the trilocular ovary: the) seed has a peculiar appendage termed 
a caruncle. 

In Mercurialis the inflorescence is racemose : the male flowers have 
a three-leaved perianth and numerous stamens ; the female flowers 
have a similar perianth and a bilocular ovary. The juice is not milky. 

Kicinus bears its monoecious flowers in a compound inflorescence, 
in which the male flowers are placed below and the female flowers 
above. The perianth is simple and flve-lobed, the stamens numer* 
ous and much branched (Fig. 142). 

Of Euphorbia, the Spoige, a number of species are annual herbs, as E, Peplut 
and Tielioicopia (the common Sun Spurge) occurring in gardens and by road- 
sides ; some South European forms are small sbrubs, as E. dendroide$ and 
fruticoia. In Africa and the Canary Islands the genus is represented by species 
which much resemble CactesB in appearance ; their stems are thick and cylindri- 
cal or angular or sometimes spherical, producing small leaves which usually 
soon fall off. Mercurialis annua and perennis (Dog*s Mercury) are weeds ; the 
first common in cultivated ground, the second in woods; their flowers are 
dioecious. Bicinui communis (the Castor-oil plant) is a native of Africa, now 
frequently cultivated. Some species of Phyllanthus have phylloid branches 
which bear their smaU flowers in the axils of minute bristlo-like leaves sitna^ 
in indentations at the edge of the phyllodade. Manihot utilissinui, a Soi:^ 
American plant, yields the starchy meal known in commerce as tapioca. From 
Siphonia elastica, a species growing in Central America, most of the caoutchouc 
is obtained. 

Order 2. BuxiNEiE. The micropyle of the suspended ovule is 

directed inwards. Flowers monoscious, in glomemles, in which the 

terminal flower is usually female and the lateral ones male. Male 

flowers with a simple 4-leaved perianth and four superposed 

stamens ; the female with a trilocular ovary : two ovules in each 

loculus : fruit a capsule, with loculicidal dehiscence. For the most 

part shrubs devoid of milky juice. 

Buxtu semperoirens, the Box, is an evergrcjen shrub of Southern Europe ; the 
wood is valuable. 
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Coiort 5. Daphnales. Flowers hermaplirodite or anisexaal, 
actmomorpliic, i or S-merons : perianth. Gimple or bigeriate ; in the 
latter case the corolla ia nsnally BnppresBed : Btamens typically in 
two whorls, perigynona : ovary monomerous, with nsnally a single 
anatropouB ovale inserted on the floor of a hollow receptacle : 
embryo straight. 

Order 1. THYMELSACEa. Flowers hermaphrodite; calyx and 
Teceptacle petaloid, with a 4-lobed limb ; corolla suppressed, or 
represented by small scales : the four etamens opposite to the sepals 
are inserted higher on the tnbe of the calyx than the fonr which 
are opposite to the petals (Fig. 201) : ovule suspended ; fruit a 
berry: seeds withoTit endosperm. 

Daphne iltzereon 'm common in wooiJa ; the dbhsIIj 3-flavered inSoreacences 
&ce bome in the axils of the foliage leaves of the previous year, and Lbey bloom 
before thb development ot the loaTes of the same jeai. 




ai.— C»lji of tha flower ot Fio. ais.— BonnaphrofliM flowerot 

SoiiIhu Uurmm Mi apsn (> S): a ninu/uMO. A ta 

Uia roar soperlor ; u thg four ioISrlor Floml dlagnm (the alji li erronaouly 

■luneiu, adimU to the caljx. plaMd diagonal];, insiosd at iDediO'liUerk( 

1;) ; d dlBC (Bnluged.) (Atter Bacha.] 

Order 2. ELaiAQSAce*, Flowers diclinous or polygamous, 4 or 2- 
merons ; the corolla is suppressed : the stamens opposite to the 
sepals are sometimes wantii^ (Fig, 202 B) ; a disc (Fig. 202 A, d) 
usually closes the receptacle ; fruit an achene, sarronnded by the 
receptacle or by the whole perianth : ovule basal : seeds with small 
endosperm: the leaves are covered, especially on the nnder surface, 
with scaly hairs. 

Bippophae rhavmoidei, the Sea Backthont, is a shrab which is sometimes 
a the banks ot streams ; the Bmaltet branches mosU7 temunate in a 
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thorn ; the flowen are dioBoions and dimeioiu ; when the fmit is npe the etlyx 
is of an orange colour. Eheagnas has tetramerooB polygamous flowen (Fig. 
202) ; it ia commonly cnltiyated. 

Order 3. Proteaceje. Affinities doubtful. Fbwers hermaphro- 
dite ; the very short stamens are snperposed on the iowr segments 
of the simple perianth, and are adnate to them (Fig. 203 B) : when 
the flower opens, the tube of the perianth often becomes still more 
deeply cleft : the ovary is osnally borne npon a prolongatioxi of the 
axis (Fig. 203 (7, gp) : ovules one or more, ascending : seeds with- 
out endosperm. 

Protea, Grevillea, Mangleaia, and others oocnr mostly in South Africa and ia 

Australia. 

d B 





Fig. 208.— Flower of VoiiylMia ylobroto. A be- 
fore opening. B Open ; p segment of the perianth t Fie. 101— Stamen of Lauras. A. 
a anther ; n stigma. Ovary below, in longi- Anthers opened, a a ; d d the Talyes ; 
tadinal section ; 0p gynophore. D Transverse seo- b b glandular appendagea. Diagram of 
tion of the ovary. JB Bipe fmit (After Sachs.) oinnamommn. 

Order 4. LAURiNEiS. Flowers hermaplirpdite or polygamous, 
cyclic, usually trimerous (dimerous in Laurus) ; perianth simple, 
sepaloid, in two whorls ; stamens 12, in four whorls ; the anthers 
open by 2 or 4 valves, sometimes introrse, sometimes extrorse; 
the filaments have glandular appendages (Fig. 204 5&). Ovary 
trimerous (drawn as monomerous in Fig. 204), unilocular with 
one suspended ovule, two of the three carpels being abortive. 
Fruit a berry or a drupe. Seed devoid of endosperm. 

These are nsnallj evergreen shmbe with coriaceous leaves ; a few, as Cassytha, 
are parasites resembling the Dodder in habit. 

Order 5. Myristicej:. Flowers diclinous, cyclic ; perianth simple, 
gamophyllous, 3-lobed. Stamens 3-18 coherent into one bundle. 
Ovary monomerous, with one basal ovule : fruit a fleshy two-valved 
capsule : seed with endosperm. 
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Slgriitiea aaiehata, tbe Nutmeg, ia a Dative of the Molaonas, The eeod is 
InTested by an BliUns, an integument wbiab is developeil after [eitiliaatlDU ; it 
baa a netted or laciniata appearance (Fig. 205 a) ; it is known In oonuuerce as 
Mace. Seed large, with muoh endosperm, the aurlace of nhicb ia corrugated ; 
the innermoet lajer ot tbe brown testa closely foUons sU tbe windines, and tbii 
givea the endosperm a marbled appearance. 





podiuto (Bnlatneil) : k peri. 



Cohort 6. Chenopodtales. Flowers nsnally hermaphrodite j 
perianth sepftloid or petaloid ; ovary monomeroua or polymerons; 
ov-nle nsnally solitary ; embryo coiled or curved. 

Order 1. CHENoroDiACEJi. Flowers small, united to form a dense 
inflorescence : the bracteoles are nsnally enppreBsed. Stamens 
snperpoped on the nsnally S-leaved eepaloid perianth (Fig. 206). 
Ovary aHually dimerous and nniloonlar, with a single basal ovule. 
Stipules wanting. 

Chenopodi-am album, tbe Oooee-foot. and BUlam (Chenopodium) Bonut 
Htnriau, tbe AU-good, are common weeds on garden grouDd and vaete laod. 
Spinacia aleracea is Bpinach, enltiTated as a vegetable. Uela vulgarit is eulti- 
TBted nnder tbe vaT. Cicla (Mangold). £. altiuima is tbe species used in tbe 
mannfacture of sngar. and B, Tvbra ie the red Beetroot. Saliola, the Salt-wort, 
and ite allies, with fleshy stems and leaves, are oonapieuons in the vegetation of 
the sea.shore. 

Order 2. A>iarantaci!JE. The flowers have the Bame structure as 
those of the preceding family : they have naually bracteoles which 
are frequently petaloid : ovary nnilocular, probably polyroerons ! 
ovnle solitary and basal, but in some cases the ovules are numerous. 
Stipules absent. The flowers usually form dense inflorescences. 
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Bhsain. ths Bhabaili, has six (threa internal and thraa eitemal) perianth 
leaves and two whorls of stsneDS, the oater oontainiog sii, and the inner 
three; Rbtam undalatian aui olhei apecica are cultiTated. Bomei, the Dock, 
lias flowers of eimilar atmcturs. but the inner whorl of stamens ia abiient ; the 
triquetrous [mils are completely enveloped by the idler whorl of periantli IsaveB 
(Fig. 203 c) ; the leaves contain a largo qnantity of oialic acid. Polygonum has 
oioally five petaloid perianth leaves and a varying namber of stamens (S-S) ; 
F. Fagopyrum, the Buckwheat, is cultivated for the sake ol its mealy seeds. 

Cohort?. Nepenthales. Flowers dioscioTis; perianth simple; 
stamenB monadelphoua; ovary 3-4-locnlar ; ovnleB indefinite. 

Order 1. Nepenthes. The lamina of the leaf of Nepenthes has 
Fi pitcher-like form, and is termed an asetdium ; it ia an adaptation 
for the purpose of captaring insects. 

SEBIES II. EPIOTN£. 
Ovary infeiior. 

Cc^ort 1. Quernales. Flowers diclinous: ovary 1-6-IociiIar ; 
ovule 1, basal ot suspended; eeeds without oudoBperra, 

Order 1. Joglandej;. Flowers moncBcioas, the two kiuda of 
flowers being contained in distinct catkiaB. Each bract bears in its 
aril a single flower with two 
bracteolea. The ovary is 
dimeroaa, and encloses a p^ 
angle erect orthotropoua 
ovnlo. The male flowers are 
usually borae on the bract ; 
they may or may not have a 

perianth, and the stamens are p,g,jo(,,__( goals of (Jib male tatkin of Juslant 
indefinite (Fig, 209 A}. The niarabearine a flower ipporinoOimndbrKMolM; 

fruit is drnpaceous; the leaves •»t™Bn«i *.^oiihe«tkifl. BFemaJeBowBr 
ftre pinnate, and, like the siignus (mtgDUiei)). 
flowers, they are aromatic. 

In Jn^Iaof the male eatfains are borne on the apices ol the leafless shoots oE 
the previous year, and the few-flowsred female catkins on the apices of the 
ImSj shoots of the same year. The bracteoles of the female flowers (Fig. 200 J) 
grow op aroood the ovary. The sacculant mesocorp ia thin, and ruptures 
iiregolarlj ; the hard endocarp opens on germination along the lice of junction 
of the two carpels, and then the incorved margina o( the corpala are seen aa 
•n incomplete longitudinal septom projecting between the two cotyledons of 
the embryo whioh is dIoboIj invested by the endocarp. J. rtgia, the Walaot 
Tree, ia a native of Southern Europe ; in North America, /. cinerea and niara 
occur; also varioua speeles of Carya, the Hickory, reioatkalilo for its very hiitd 
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Order 2. CoRTUCBJt. Flowers moncecions, in male &nd female 
catkins. The male flowera have no perianth; that of the female 
flower is mdimentary. The ovary ia bilocnlar ; one Icwiil'oa is 
sterile, the other contains two suspended anatropons ovnlea: &t 
tmit is ono-seoded and indehiscent (a nnt). Two flowers are borne 
in the axil of the primary bract of the female catkin, the median 
flower being absent. Each fruit is snrronnded by a loaty invest- 
ment (cnpnle) formed by the three bracteoles (a aj f3| and ^ O] ^ 
respectively, Fig. 197) of each side. In the male catkin the median 
flower only is developed ; the filameata of the stamens are de^ly 
forked. 

In Corylns, the Hazel, the temale eatbia reeemblee a bud, linee the ext«niRl 
■teiile braota have the same structore as the bnd-soaleg (Fig. 210 B) ; the red 
itigmae project at the top; the inTeetment o( tbe ^^t ie inegolarlj cnt; a 
■mall projection i» formed on the (rait, the nut, b; the remuns of the prarianth. 
Eooh primar; biaot ol the male amentum beaie two bracteales s and p, aad four 
forked (eo apparentlj eight) itamena 
(Fig. 310 A), Both kinds ol amenta 
are placed in the aiili of the lesTei 
of the pieTiooH jear, and are not 
enoloaed bj eoalefl dniing the winter; 
hence Soireiingtakeeplaoe before the 
luifoldingot the leaTes. Leavee dia- 
tichons. C, AvelUma is the oommoo 
Hazel ; C. tnbuloia, with ted leaTes, 
the Copper Haiel, ii onltiTated ta aa 
omamentat ahmb. 

In Caipinns, the E 
Iniit bai a three-lobed iD\ 
the fruit is ribbed and is snrmonnted 
r.a. !10.-C«v!«. ^«n™. J scaled of a by the perianth. The primary bract 
malB catkin, with the Btamen* (/), BQd anthen : . , ^, .v; . , ,„, 

(.). B f™*!. calkin, th.l<.»er,o»i» Ob.™ «' female eatkm beanH-10 deep], 
nanowerij ChistlgmKi(ii|projsiitabare. CA lorded stamens ; there an no brio- 
■Inglc (em&le flower gniniiuidcil "bf the Inveat. teolea. The Mtkin* ol both kindl 
rasnt (braet«la>) (c^ with two iligaaa !n) Imag. are borne at the apex of abort lealj 
" eboota of the same year, henoe 

flowering takes place after the anfoldicg of the leares. Leaves disticihotu. nn 
annual ehoote fonn lympodia. C. Bttuftu hae an irregnlar stem and senate 
leaves which ace folded along the lateral veins. In Oatrya (Sonthem Europe 
the invealment of the fruit ia an open tabe. 

Order 3. CnPUiiFERS. Flowers monceclons, with a periimth of 
five or six segments. Ovary trilocnlar, with two ovules in eacb 
localns ; ovules anatropotis, ascending or suspended ; the fruit is 
one-seeded and indehiscent (a nut) ; it is inveeted by a cupula 




formed probably by the connate bracteoles a, p^ a, /Sj (Tig. 197), 
and having its surface covered with scales, pricldes, etc. The 
filaments are uot forked. 

In Qaeicns, the Oak, tlis male catkins are loose; each bract bears a single 
floner in ita aiil wlthoat braeteolea : the periaoth ia 5-7 lubed, and the atamena 
from S-10 or indefinite (Fig. 211 o). There ia a single flower, the median one, 
in the aiil of each brnat of the female catkin ; tbos the cupnle inveats only a 
single fmit, forming the so-i^ed oup at its base. The leaves are developed in 
I order near the apices o[ 
iha annual Bhoots; tho 
annnal shoots we alnajs 
apical. The male catkins 
are borne in the aiils ol 
the nppermoEt bod-scales p 
(pairs of stipules) on both 
long and dwarf shoots of 
the lame jea^, the female 
catkins in the aiils of the 
foliage. leaves of the apical 
shoots : flowering takes 
place sbortl; after the un- 
folding of the leaTGS. The 
ovnte« are ascending. The 
cotyledons remain en- 
closed in the testa doring tbi 
germination. Qiureiu Ro- "al «ctiou ; / oi 
bur ia the English species, of which there are two Tarietiea, Quetnu pedanciilata 
and QatTcui ii$iiliJlora : the former has elongated female catkins, so that the 
fruits are wide!; separated from each other, and its pinnately lobed leaves are 
shortly stalked and cordate at the base: the latter has compact female catkins, 
so that the fruits form a duster, and its leaves have longer petioles, and are 
narruved at the base. Qutrcut Subtr is the Cork-Oak of Southern Europe. 
There are also several North American species. 

Id Fagua, the Beech, the catkins of both kinds have the appearance of stalked 
CBpitola. The flowers of the male catkin are closolj packed ; they have a peri- 
anth of 4-7 segments and 6-12 stamens. The female catkin consists of two 
flowers only, which are invested by a single enpule and by four delicate leaflets. 
The cupnle is covered with hard bristlea, and when ripe sjilits into lorn valves 
to allow the two triquelrona fruits to escape; each fruit bears at its apex a 
brush-like remnant of the perianth. The ovnles are suspended. The female 
inflorescences are bome on erect axes in the aiila of the leaves of the apical 
shoot ol the same year, the male on peadnloas aiea springing from the aiils o( 
the lower leaves of the shoots. Leaves disttchons, approaching each other on 
the under surfaces of the shoots, their axillary huda approaching each other on 
the upper surface: the winter buds arc elongated and pointed. The cotyledons 
escape from the seed on germinatioD. Fagot lylvatica is the common Beech; 
a variety with red leaves, the Copper Beech, is very generally aultivated. 
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In CmUdm, Qie edible ot Bptmitb Chestnnt, feme ol the caUdns wmnrt at 
theii lover part of lemale flowera and at theii upper ot male floweiB, vhilat 
othen have onl7 male floiran. In the axil ot each braot there aie nsnall; 
either seven mole or three temale floweta i the latter are invested bj the hraotetdei 
s and f9, and b7 a enpnle toimed by the other fooibnwteoles; the onpole, which 
IB covered with prioklee, eompletelf enolosee the trait until it is ripe, vhen it 
sputa into four valves. Both kinds ol catkins are tonned in the axila ot leaves 
ot shoots ol the same ;ear, the mixed catkins being nearer to the apex than the 
male ones. The ovules are sQspeiided. The leaves are arranged Bpiralljou 
vigorons shoots ; the; are distiohona on the less vigoroue lateral shoots. 
C. vtilgaTii, from Southern Eoiope, is coltivated in parks; it has undivided 
toothed leaves. 

Cohort 2. Asarales. Flowers hermaphrodite or aiiisexaal: 
oraiy maltilocalar : omlea nnmeroiu. 

Order 1, Abistolocbibs. Flowers hermaphrodite: perianth of 
three connate petaloid segments forming a three-Iobed tube : stamens 
6 or 12: ovary usually 6-locnlar, with namerons ovules in two 
longitudinal rows along the inner angles of the locoli. The minnte 
embryo is enclosed in Uie copious endosperm. They are herbs or 
shmbs, often climbing, with lai^e leaves. 

In Aiaram tUTOpaum (Asaiabacca) the three lobes ot the perianth are equal; 
the tvralve itamena are bee, and the eonneotive is prodoeed (Fig. ai2). The 
annual ehoota ot the ereeping stem bear lom 
oataphjllary leaves, two large petiolate renitorm 
[oliage-leavee, and a terminal flower. The 
lateral branches spring trom the axils of the 
uppermost toliage-leat and of the sealas. In 
AriBtoloohia (see Fig. lEl p) the limb ot Uu 
perianth is obliquel; lipped ; the six anlhos 
are sessile and adnate to the abort e^le. A. 
Sipho is a climber treqnentljr mltiTated; A. 
ClfmatilU ooours on rains, etc. ; the flowers ot 
the latter oocor nsnallT several together in the 
axils of the leaves, and those of the former in 
; pairs, one above the other, together irith a 
. branch in the axils ot the leaves ot the shoot 
of the previous jiear. 

Order 2. CrriNAcaa. Parasites devoid of chlorophyll aod with. 
out foliage-leaves, with a usually deformed v^etative body, aod 
either solitary flowers of remarkable size or small flowers in a 
compact inflorescence. Flowers hermaphrodite or anisexnd: 
perianth campfmnlate : ovary tinilocnlar : ovules very i 
embryo rudimentary : seed with or without endosperm. 
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Sub-otder I. Ctttskx. Cytimu Hypoeiitit is p&ruitie on the roots ot Cistna 
in Southern Europe ; other species ooDor in Amorica and Soath Africa. 

Bnb-order 2. Etdsobex. Hydnora and others are parasitic on the roots of 
Enphorbiis in America and in South Alrica. 

Sn.b~order3. BirrLESucsx. itijRriiii ^rnaZdtia oonapianouslor Iheenormons 
size of its Sower ; it is parnsitic on the roots of Ampeliden in the East India 
Islands. 

Cohort 3. Santalales. Parasitic plants : leaTea, whea present, 
entire: stamena equal in number to the leaves of the perianth and 
superposed upon them ; ovary unilocular ; OTules devoid of integu- 

Order 1. Santalaor*. ParasiteB provided with chlorophyll: 
flowers generally hermaphrodite; ovules 1-4, suspended upon & 
free central placenta : perianth 3-5-lobed ; fruit a nut or drupe. 



Thtiium Unapkytlum, the Bastard Tood-flai, is 
parasitic oa the loots ol other plants. The leayes ai 
bracts ot the flowers, which are disposed in racemes. 
on the pedicels, close under the flowers, and in mot 
viitb the bracteolea a three-leaved epioalyi. The <ti 
at the base ot the lobe^ of the perianth. The perianth is peraiateDt, remaining 
curled up at the apex oi the indehiseent fruit (Fig. 313 B). Santalum album, 
I ta East Indian tree, jields Sandal.wood. 



1 indigenous plant which is 
■a narrow and linear. The 
are usually placed high up 
t ot the species constitute 
« filiform, inserted 




ria. IIS.— .1 FlowBr: B fruit 
Of T?«»ilim numtnnum ; / ovorj i 
]■ perlODth \ I •lamoni i n stigms 
(enlaigad). 



Hillary bndi; / three temaJe flawers with 
wt. B Uale flower (mag.) ] p parianlh j i 
idherBDl to the l»»»e> of Ihs parionUi. 



Order 2. LoRAtmiACEs:. Parasites provided Math clJoropLjIl : 
Sowers diclinons or hermaphrodite [ ovule erect, adhering to the 
wall of the ovary : perianth of 4, 6, or 8 leaves ; fruit a berry. 

Fiicutn album, the Mistletoe, is parasitic on varions trees, forming conspieuoua 
evergreen bunches. The stem bears a pair ol opposite leaves (Fig. 214 b b), 
from the axiU ol which new branches spring, each bearing a pair ot oatBpbyllaty 
laavei and then a pair ot foliage.leaves, while the main aiis ceases to grow, oi 
produces a terminal inflorescenoe, oonsisliiig ot threti flowers (Fig. 2H hf) 
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hranchM oi infloreB««aoei mm; bIbo ipring from the axUa of the eataphjlUij 
]eft*ei. The floveri ftre diceoioni. The trait is a ooe-Maded ben? with a Tigcid 
periosrp, bj meuiB of whioh the aeedi beoome attached to trees, and thai effect 
the distribation ol the plant. The male floweis have moltilooalar aeuile anthen 
whioh are Inieited {Fig. 214 B a) npon the leave* of Uw perianth. Lorantkut 
4uropaiit oocnn upon Oake in Guteni Europe. 

Order 3. Balanophobex. Parasites devoid of cUorophyll and 
'without foliage- leavea, with a deformed vegetative body. Flowers 
dioecioDs or monoecioiiB, in many-flowered infloreacences. The 
female flowers nsaally conaist of a one-seeded ovary : the ovnle is 
suspended, and It adheres closely to the ovary. The embryo is 
very small. 

BaUaophora, Lophophytnm, and others ars Braiilian eenera; others inhabit 
tropical Alrica ; Cj/aomorimn eoeeineam is found in the MediterraneBn zegion. 



SUB-CLASS II. GAMOPETAL^. 
Flowers usnally hermaphrodite; perianth differentiated into 
oalyx and corolla; calyx nsaally gamosep^ons; corolla generally 
gamopetalons, in some cases it is snppressed. 
SERIES I. HYPOQINJl. 
Ovary snperior (except in Vaccinieffi) : stamens epipetalons, or 
free and hypogynoos. 

Cohort 1. Larrtiales. Flower pentamerons, nso^y ^gomor- 
phio with median symmetry: corolla nBnally bilabiate, the two 
posterior petals being 
connate and forming 
a frequently helmet- 
shaped (galeate) pro- 
jecting npper Up, the 
anterior petal, with the 
: two lateral petals, form- 
ing the nnder Up: sta- 
mens epipetalons: the 
posterior stamen is 
nenally abortive or ap- 
, pears as a staminode; 
' the two lateral stamens 
I are g^ierallj shorter 
than the two anterior 
oaes, BO that the flowor is didynamoits ; 1^6 two median oarpels 




1. ilS.—A Flower at lAtniaia, elde vlaw. t e 
ri « nudcT Up. B Tlover at L«annniB opt 
r : u dlTldsd nnder Up ; i IMeral lobee of ths < 
loot !/■/' long Blamen* (mag.). COvirjji 



ist] 
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form a usaaily bilocnlar ovary which ia sometimeB snbdirided into 
four locali : leaves scattered or opposite decussate, exatipolate : the 
leafy shuols have no t-erminal flower: the formula ia generally 
-^ E (5) (0(5) Ab) G'ii. 

Order 1. Ladiati;. Stamens fonr, didynamons (Fig. 215 B) ; 
rarely, as in Salvia and its allies, only the two anterior stamens 
are developed : ovary subdivided into four chambers, as in the 
BoragineiB, which part as the seed ripens into four achienia (Fig. 
215 G) : style lateral : the ovale in each locslus is solitary and 
erect : seed without endosperm. Herba with decussate leaves and 
quadrangular stem. The flowers are disposed apparently in whorls 
round the stem, but the inflorescence is in fnct made up of com- 
pound cymes or dichasia, termed verticillasters, developed in the 
axil of each of the two opposite leaves. 

Tribe 1. Oeywoidea. Stamena 4, descending. 

Ocymum BatUicam, the Sweet Biieil, bom India, and LavandnlEi, the LaTendcr 
Irom Soutbem Europe, are cnltivaled ub potberba. 

Tribe 3. Mentlioidex. St&menB 4, eqnal, &Bc«iidit)g, divergent : oorolla 
almost regular, 4- or G-lobed. 

Man; spceies of Mentha, Mint, are common. BeTecal Bpeciea of Coleas, and 
I'oBottemon Fatckouli, yielding oil of Patchanii, are coltivated. Lycopua has 
only 3 Btameoe, the two poateiiar ones being abortive. 

Tribe 3. Satureinea. Stamens 4, with broad connective, divergent, asoend- 

Oriflanum vulgare is the Wild Marjoram ; Ibe Sweet Marjoram which is 
cultivated is an einlic species. Thymui Serpytlum is the Wild Tbyme ; the 
Garden Tbyme is T. i-ulgarii, from Southero Em'ope. Satureia luirttniii (exotic) 
is the Summer Savarj. Tarioua epociea of Calamintha (stamens not divergent] 
aa also Clinopodittn vuigart (or C. Ciinopodium), tbe W[ld Basil. 
Tribe 4. 3felt5iine<e. Stamens 4, with narrow coaaective. divergent. 

iffieinalU, the Balm, and Hyasopas, the Hyssop, are cultivated as 

Tribe 6, Moaardtie. Stamens 3, aacending : one cell of each anther ia either 
wanting or it is widelj separated from the other. 

Salvia verbtnacea, the Wild Sago, is common. Sotmarinui offieinalit, the 
common HoBemary, is exotic. 

Tribe 6, Hepete^. Stamens 4, aacending ; the poaterior two are the 
loDger. 

Neptta Cataria. the Catmint, oecuiB in hedges ; and GUchoma htderaeta, the 
Ground Ivy, ia very common. 

Tribe 7. Slaehydta, Stamena 4, aacending ; the anterior two are the 
longer : upper Up of corolla usually arched (ringenl). 

Lamium aI5uin, the Dead-Nettle, and purpureum are very common. Various 
Epedea ol Galeopsis. Staohya, Marmbiiun (Eoreboaud), Batlola, Melittia, and 
Xjconorus, are luund in England. 
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Tribe 8. SeuteUaria. Stiunena i, Mcemling; mIts closed when tte fruit 

~ In the gemiB Bautelloria, the antbera of the nnterioi pair >f atamens are 
■milocnlni ; S. gaUriculata, the Common Skullcap, and S. minor, the Lesser 
Skollcap, are Dommon- !□ the genae Prunella each fiUmeat hiu a Email tooth 
below the anthers : P. vulgariM is oommoti. 

Tribe 9. Ajtigoidiic. StameDS 4. oBcenduig ; the posterior two ate the 
■horter ; upper lip oF corolla ver^ short. 

Ajvga reptam, Che Creeping Bugle, and Ttuerium Scorodonia, the Wood 
Oerm under, are common. 

Order 2. VEREEKACEai. Stamens four, didynamouB, or two: 
ovary 1 or 2-locnIar, with two ovnlee in each loealua, or spnrionsly 
2 or 4-lociilar in consequence of the presence of false dlaGepiments, 
with one ovale in each loculas : eudoBperm email orahsent: the 
fruit separates into 2-4 Begmenta (achtenia) : Btjle terminal: leaves 
nenally opposite. 

FirAfna o^inatii, the Terrain, is common on waste ground and roadsidea: 
V. Aubletia is a common garden plant. Teclona grandit, the Teak-tree ol the 
East Indies, has a hard wood ased in ship- bait ding. 

Oi-der 3. GLOHDLAnn;*. Stamens fonr, didynamons: ovary nni- 
locnlar, with one suspended ovnle : style lateral : seed with en- 
dosperm : leaves scattered, inflorescence capitnlate. 

Gtobularia Bulgaris and cordifolia "with radical leaves occur here and there 
in dry places on the Continent. 

Order 4, pLisrAGtNE^. Flowers actinomorphic and apparently 
tetrameronfl, bnt the true interpretation of them is deduced from 
those of Veronica : the posterior 
sepal is suppressed, aB also the 
posterior stamen ; the two pos- 
terior petals cohere to form an 
upper lip which is quite similar 
to one of the lobes of the 
three-lobed lower lip ; stamens 
four, the two anterior not being 
suppressed : ovary unilocular or 
spuriously 2-4-locuIar: ovules 
jftiji; c solitary and basal, or nnmerons: 




r an achgenioiii 



dlagism. i 

seed with endospei 

PUntago laneeolata (Kbwort), nutjor, media, the Plantains, are weeds tini- 
Tersallj distributed. The leaves lonn a rosette just above the root, and tha 
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long leapes Bpring from their axils bearing simple spikes (Fig. 216 a, d). In 
P. Cynops, Psylliumt and others, the main stem is elongated : the testa of the 
seed is macilaginons. In Litorella lacustris the flowers are monoecioas; it 
grows on the bottom of shallow waters : fmit 1-seeded, indehiscent. 

Cohort 2. Personales. Flowers pentamerons, zygomorphic, 
with median symmetry : staiaens epipetalons : the posterior stamen 
is nsnally abortive, or appears as a staminode : carpels 2, median : 
ovules nsnally indefinite. 

Order 1. ScROPHULARiNEiE. Ovary bilocnlar, with nnmerons 
anatropons ovules borne on axile placentaB : seed with endosperm : 
stamens four, didynamons, often with a mdimentary fifth posterior 
stamen (Fig. 218 By st) ; sometimes only the two lateral stamens 
are present ; rarely all five are fertile : general floral f ormnla as in 
Lamiales. 

8nb-order 1. ANmtBHnnLS. The posterior petals, forming the upper lip of 
the corolla, are nsnally outside the others in the bad (cochlear aestivation). 

In the genus Yerbascum, the Mullein, the flower is imperfectly zygomorphic, 
the 5 stamens are unequal in length (2 long, 8 short) : V. Thapstu^ the Great 






Fio. 217.— Fioral diagrams, A Of most ScrophoIarinetB. B Of Veronica. Of the Lenti- 

bnlariea; o upper; « under lip. 

Mullein, F. LyehnitU, the White Mullein, and F. nigrum, the Dark Mullein, 
occur on banks and waysides. Antirrhinum, the Snapdragon, has a projection 
on the lower Up of the corolla termed the palate ; the corolla is gibbous at the 
base ; stamens 4 (Fig. 218 A B): A, majtu, the great Snapdragon, is a well- 
known garden plant. Linaria has a spurred corolla ; stamens 4 : LI vulgaris, 
the yellow Toad-Flax, is common in fields. In Ghratiola the two anterior 
stamens are represented by staminodes. Paulownia imperialis is an ornamental 
flowering tree from Japan. Many species of Mimulus (Musk), Calceolaria, and 
Pentastemon, are cultivated. 

Sub-order 2. BmNANTHSiB. Corolla with imbricate aestivation. Digitalis 
the Foxglove, has an obliquely campanulate (digitaliform) corolla; stamens 4: 
D. purpurea is common in woods; the yellow D. grandiflora is cultivated. 
Scrophularia has a globular corolla ; 8. nodosa (Figwort) and S, aquatiea are 
common. Veronica, the Speed-well, has only the 2 lateral stamens, and the 
two lobes of the upper lip of the (rotate) corolla are united ; the posterior lobe 
of the calyx is suppressed (Figs. 218 C, 217 B) : F. Anagallis and F, 
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Betcaimga an wnuaon in ditehei, V. arvemit, agrutU, terrtlllifoUa, 
othen in pMtuM tnd fieldi. 



ft 6-tootbed e&ljx, and the npper lip ol the eoroUa ia galeats ; 
Enphnda, the Ejebrigbt, 1)M a 4-toothed Ealyi, the Dpp«r lip of the coToUkhM 
two spnading or nflsied lobea : Baitiia has a 4-tooth»d satjT, the apper lip of 
onl; iiotoh«d : Bbinanlbiu, the Battle, has a 




Vis. ns.— riomn at BerapliDlarinue. A Antlrrhlnani : t ealji i t tabe ot the coran*. 
gitabODi at ihs bu» (h)i anppsri sunder Up of the ootolla i | prominence ot tfaeondsrUp. 
B Upper lip of tha Buna, laeii from within t ■ the two longer anterior etamene 4 1' tiie ihort 
iBlersI one! i •( rDdimentar; poaterior one. C Flower of Veronica i k oatjz g ■ a ■ the 
Ihree lobea of the lower Up j Ibe tol»d npper Up ; • t the tico lateral etameni ; n Uiim*. 

4-toothed inflated ealyi : MelampTram has a 4-tMithed tnbolar ealyi, and the 
oapaole ia few-Beeded : ail theeo plants poBBesa ohlorophjll, bat thej are more or 
leas parasitio npon the roots of other plants. Lathrita iquamaria does not 
possess ehlorophfll ; it is of a pale rose colour, with slightl; bloiah flowen ; it 
Is paraaitia on the roots ol trees, espeoiall; ot the Hazel. 

Order 2. BiONONucEiK. Stamens genemlly foar, didynamons : 
seeds asuaUy winged, vritboat eDdosperm. Woody plants or 
climbers. 

Catalpa bignonioidei is an omamental tree from North Aineriaa. 

Order 3. Acahthaoex. Stamens fonr, didynamons: omleij few 
on projecting plaoents ; seed without endosperm. Herbs. 
Acanthiit tnollU and other apeoies from Southern Eniope, are ornamental 

Order 4. Gesneracgx. Stamens nsnally four, didynamons, or 
sometimes two only : ovaTy unilocular, with nnmerons parietal 
ovules. Generally herbs with opposite leaves. 

Colnmnea Sehie^aita, Achimenes, Ligeria, and others are omanieiital plants 
from tropical America. 
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Order 5. Obobakchex. FlaatB which are parasitic on the roota of 
other plants, destitute of chlorophyll, with scales instead of leares, 
otherwise similar to the foregoing. 

Orobanehe rubnu and crumta (Broomrapei) on LegnmiooNe, Ivterum oa Bet- 
beiii, Hedem on Itj, raituna on Hemp ; moitl; of a browniih or whitiih hoe. 

Order 6. Lentibuubiex. Only the two anterior stamens are 
developed (Fig. 217 0) : ovules nomerone on a free central 
placenta: seed without endosperm. 

Tbe nnmeioni fp«ai« ol UtrieDlaris 
sre floating watet-pluiU with finely 
dirided lesTM besring bladder-like 
sppendagM which lerve to Mtch imall 
aqoatio snimali (Fig. 319). Ptaffuicvla 
tmlgarU and alpina (Bntterworts) are 
fnutU planta with roaettei ol radical 
leSTea growing in damp place*. 

Cohort 3. Polemoniales. '■• "e-Biadd™ of mrtnu.ru. a 
Flowers actmomorphic, or if zygo- briBi, appradmg... BSwi™..a«lT. 

morphic, not so in the median t^wnlnB inward* ami prerenUnE the mill of 

phmer flowem pontamerons : sta- "-tapH.^"'-'!^'- 
mens epipetalons : ovary of two, rarely five, carpels: leaves nsnally 
scattered and ezstipniate : the inflorescence is often cymose, with a 
terminal flower: formula iC(5) (C(5) A5) 0^ to ('). 

Order 1. Convolvulacex. Usually two median carpels forming 
a bilocnlar o^ry, with 1-2 anatropons omles in each locnins : the 
corolla has nsually a contorted sstivation, twisted to the right : 
frojt a eeptifragal capsule or a berry; seed with endosperm. 
Commonly climbing plants with milky juice. 

ConvalvuUu arveruli, the Imkt Bindweed, and Calj/iUgia iiplum, the larger 
Bindweed, the lonaer with Rnall hracte, the latter with large brsott which inrett 
tbe calyx, are common wild planti. Patatat tdulii ii cultiTsted in tropical 
America for it* edible taberon* riuxome, the sweet potato. 

Order 2. CcsCDTEa. Parasites destitute of chlorophyll, with 
filiform stems, which attach themselves to other plants by means of 
roots, and derive their nonrishment from them : the small flowers 
are arranged in fascicles (Fig. 220 b) -, the corolla has imbricate 
■■tivation : fruit a capsnle with transverse dehiscence. 

Ctaevta eitropaa, the greater Dodder, which oecnn commonly on Settlea sad 
Hope, i* widely dlitribated : C. epilintitn it tbe Flax Dodder, and C, eplthj/mum, 
the le**ei Dodder, oeeor* on Tarions low.growing plant* meh a* Clover, which 
jt often dsttioy*. 
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Order 3. PoLEMoyucEX. Ovary trimeroiu and trilocnlar, with 
one erect or sereral oblique ovules in eacli locnlos : capsnle locnli- 
cidal. Uoetly herbs withcmt milky juice. 



Order 4. SoLANACEi. Ovftry consisting of two obliqnely placed 
carpels, bitocular, with nnmerons ovules attached to the septum ; 
the septnm sometimeB projects so far into the cells that the ovaty 
appears to be qDadrilocnlar, as in Datura : ovules campylotropons ; 
frait a capsule with various dehiscence, or a berry : seed with 
endosperm. Herbs, occasionally woody plants, without milky jnice. 
Inflorescence cymoee, bat complicated by the displacement of the 




Fib. E^.—A Upper poTtloD of > aowering >lem ot Atrcpa BtOadimna. B DUgisia of ttis 
same Htem : 1 9 B the flowen i a uid ^ tha braoteolw and braeta, Ttoth the ^cOa of ^ 
■piiug tbo new Soral aiea, along whicli Cha bract p ia diaplaoed. 

bracts. Fig. 221 B, for instance, is a digram of the inflorescence 
of Atropa ; the main asis which terminates with the flower 1, bears 
a bracteole la and a lateral shoot terminating in the flower 2 ; this 
springs from the axil of a bract 1/3, which, however, is not inserted 
at the base of its axillary shoot (the point of the arrow indicates 
its proper position), bat is displaced upwards until it is close under 
the bract«o1e 2a; this displacement is repeated throaghont the 
whole syst«m of the cyme, so that in Atropa there are always two 



nKOUP TT. — PHAKEEOaiMS. 

leaves below eacli flower, a larger one (Fig, 221 A la, 2a, and bo on), 
which is the braoteole of the flower, and a smaller one (Fig, 221 A 
Ojff, 1/3, 2fi, etc.), which is the bract from the aiil of which the 
flowering-ahoot Bprings. In other of the Solanete eimilar arrange* 
ments are fonnd. Moat pluits of this order are poisonoas. 

Tribe 1. Solanea. Fruit a berry. In thfl genus Solannm the anthers are 
STDgenesiauB : S. Dvlcamara, the Bitteianeet or Wcodj Nightsfaade, has a blue 
flower, and 5. nigrum bae a wbite flower ; both are common ; S. tulierotam is 
the Potato-plimt. Fkyialii Alkekengi, the Winter Cheny, has an inSated red 
calyx which endoses the beny. Lycopeuicum eiculentuia is the Tomala. The 
fruits of Capsicum longiua acd annuum are known as ChiU Peppers. Atropa 
Belladonna in the Tleailj Iliglit shade ; the anthers are not syngenesious, and 
the corolla is campaaulate ; the bcrriofl are black and very poisoDoas. Lysium 
barbanm is a shrab belonging to SauthecD Europe which has become wild in 
plaees in the North, 

Tribe 3. Nicotiarua. Fruit a 2-valTed loculiciilal capsule. 

^JcoCiana Tabaeum is the Tobacco plant (Fig. 138 Bj. Petunia is commonly 
cnltiTBted. 

Tribe 3. DatMrea. Capsule almoEt qaadrilocular in consequenoe of the out- 
growth of the eeptum, 4-valved. 

Datura Stramonium is the Thorn-apple. 

Tribe 4. Byotcgames. Capsule dehisces traneversely, 

Hyoinyamiu niyer is the conunoo Henbano. 

Order 5. Asperifoli* (Bo- 
RiGBEs). Ovary consisting 
of two median carpels, 
flpnrionsly qnadril ocular in 
consequence of a constriction 
along the dorsal Bntnre of 
each carpel (Fig. 222 C, r) : 
the single style arises fi'om 
the incnrved apices of the 
carpels, and is snrroanded at 
its base by the four locnli i 
(Fig. 222 B): each loonlns ^ ^ ^ , ,. , „ ™ 

*■ <5 _ ; tbetoaracluoniaj ( thOBljIo. C Diagram of the 

contains a eingle saspeaaed qosdrilaoolai orary in uuis. wciioD : r cbs doc- 
anatropoas ovule: when the "al««°r»-. pptbBplaocnw*, .theories. 
frait is ripe the locnli separate completely, and appear to be fonr 
achfflnia: seed without endosperm: the corolla asually has fonr 
scaly lignlar appendages at the jonction of the limb with the tnbe 
{Fig. 222 6) : inflorescence cymose, scorpioid and often very com- 
plicated. Herbs or ahrubs generally covered with harsh hairs and 
only rarely glabrons, e.g., MyosotU pa!usliis. 
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Sab-order 1. Ehbstoidxjb. Style at the apex of the ovary. 

Heliotropium peruvianum, a well-known garden plant with fragrant flowers. 

Sub-order 2. Bobaoinoidxjb. Style inserted between the four loculi. 

Myosotis is the Scorpion-grass; M, palustrUf the Forget-me-not, occurs in 
damp places, Af. sylvatica in woods, and M, arvensis and others in fields. 
Lithospermum arvetue (Gromwell), L, o^inale, Echium vulgare (Yiper^s Bugloss), 
Lycoptis arventU (Common Bugloss), Cynoglostum officinale (Honnd*s-tongae), 
are common weeds. Borago officinalU is the Borage. Anehusa officinalis, the 
Alkanet, is rare. 

Cohort 4. Gentianales. Flowers actinomorphic : periantli and 
androecinm nsnally 4- or S-merons : corolla with frequently contorted 

SBstivation (to the right) : stamens inserted 

on the tube of the corolla: carpels two: 

s^s^mip/ leaves commonlj decussate and exstipulate : 

formiila K(b) (0(5) .15) 0^. 

Order 1. Gentunej:. Carpels perfectly 
connate, forming a uni- or bilocular ovary : 
ovules parietal, numerous, anatropous : seed 
Fio. 223.-coroiia of Bry^ ^j^h endosperm. Usually herbs without 

threm Centaiirium spread oat t m • • i i i 

r tube ; « limb ; a stamens. milky juice : leaves almost always enture. 

Sub-order 1. Gentiamejb. Leaves decussate : corolla with contorted SBsti- 
vation. 

Gentiana, the Gentian, has a bilobed stigma; it occurs in mountainous 
districts. Erythrsa has a capitate stigma ; E, Cen taurium, the common Centauiy, 
is common in pastures. 

Sub-order 2. Mentanthejb. Leaves spiral: corolla with valvate ssstivation. 
Menyanthet trifoliata, the Buckbean, with temate leaves, is common in 
marshes. 

Order 2. Loganiacej:. Corolla with usually valvate aestivation. 
Ovary 2-4-locular, each loculus containing one or several ovules : 
seed with endosperm (Fig. 157 A), Mostly trees with opposite and 
usually exstipxdate leaves. 

Semen Strychni or Nux vomica, the seed of Stryehnos Nux vomica in the East 
Indies, is extremely poisonous. The South American Indians poison their arrows 
with the sap of the cortex of Stryehnos guyanemis, under the name of Curare. 

Order 3. Apocynej:. Corolla with contorted sBstivation. The 
two carpels are usually connate only by their styles, which become 
free as they ripen: seed usually devoid of endosperm. Herbs or 
shrubs with milky juice. 

NeHum Oleander is an ornamental shrub. Vinca minor and other species, the 
Periwinkles, are common creeping plants, wild and in gardens. 
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Order i. AsciEPUDEa:. Corolla with nanatly imbricate testi- 
vation. The two carpels uanally form two distinct monoraerous 
ovaries ; styles short, united into one etigma : stamens connate, 
forming a. tube sarrounding the gynoeciam, having ponch-Ehaped 



, h) appendages; 



(Fig. 224 B, t) and spur-shaped (Fig. 
anthers 2-4-looiilari the pollen 
of each aac forms a ma£9 (pol- 
linioia), and the masses of each 
pair of contiguooB sacs aidhcvo 
(Fig. 224 C,p,p) and are con- 
veyed by insects to the stig- 
mas ; ovnles numerous, at- 
tached to the ventral suture: 
Beed QGnally without endo- 
sperm. Generally woody 
plants, often climbers with 
^ .„^ . . ( , ~ .__, -, 

are grown ic gonleus, aha Uoga caiwua, tlie Wsk flowui. Stapelia has b, Qethj 




Order 5. Oleaces. Calyx and corolla csnally 4-merons, some- 
times wanting-; corolla with valvate aestivation: stamens and carpels 
2, alternate: ovary bilocolar: ovules, 2 in each loculus, suspended 
and anatropoos : fruit a capsule, a berry, or a drupe : seed with 
endosperm : stem woody : leaves always decussate. 




m.—A Flower of fVuiiniu Orimi 
OTUT! « rtlRnia. B HmnaphrtKlilo flu"* 
nuUiersi /oiu;; aitigma (eoluged). Fli 
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Ligastmm has a baccate fruit ; L. vulgare, the PriTei, ia a eommon ahnib. 
Olea has a drnpaeeons fruit ; O. europaa is the Oliye-tree oi the East and of 
Boathem Europe. 

Sab-order 2. Fbaxinxjb. Fruit a capsule, or winged and indehiaeent (samara). 

The genus Fraxinus has a winged fruit ; in F. exeeUior, the common Ash, the 
perianth is suppressed and the flowers are polygamous ; in F. Ontnf, the Manna 
Ash of Southern Europe, the perianth is complete, and the oofolla is deeply deft 
(Fig. 225 A). The fruit of the genus Syringa is a 2-yalyed capsule ; the limb of 
the corolla is 4-lobed ; 5. vtUgarit is the Lilac. 

- Order 6. JasminEuE. Calyx and corolla 4-5-meroiis ; corolla with 
imbricate SBstiyation; stamens and carpels 2, alternate: ovary 
bilocnlar: ovules, 2 in each locnlns, erect, anatropons; fmit a 
capsnle or a berry : seed without endosperm. Shrubs, often climb- 
ing, with scattered leaves. 

The flowers of Jatminum grandiflorum and other species belonging to Southern 
Europe contain a very fragrant ethereal oil. 

Cohort 5. Ebenales. Flowers actinomorphic, 4-8-merou8; 
formula often ^(4) (7(4) A^ + 4, 67^, the outer stamens being 
sometimes suppressed : stamens epipetalous . carpels opposite to the 
sepals: ovaiy multilocular, with one or two suspended ovules in 
each loculus : fruit usually fleshy 

Order 1. Sapoteje. Tropical trees with milky juice. 
Isonandra Gutto, an East Indian tree, yields Gutta-percha. 

Order 2. EfiBNACEiE. Trees ; flowers generally diclinous. 
Diotpyros Ebenum in the East Indies yields the wood known as Ebony. 

Order 3. STTBACBiE. Flowers perigynous or epigynous : trees. 
Gum Benzoin is the resin of Styrax Benzoin in the East Indies. 

Cohort 6. Primulales. Flowers actinomorphic, usually pen- 
tamerous: formula ^(5) (0(5) AO + 5) (?®: stamens inserted on 
the tube of the corolla and opposite to its lobes : ovary consisting 
of five connate carpels which are opposite to the sepals, unilocular, 
with a free central placenta or a single central ovule. 

Order 1. PRiMULACEiB. Style single : ovules indefinite, on a free 
central placenta (Fig. 148 O) : the corolla is gamopetalous, tubular 
below, expanding above into a 5-lobed limb which is wanting only in 
Glaux: the anthers (Fig. 226 a) are adnate to the tube of the corolla 
and are opposite to its lobes ; this position of the stamens is ex- 
plained by supposing that an outer whorl of stamens (which is 
represented in the following order by petaloid staminodes) is here 
suppressed : fruit a capsule. Herbaceous plants with conspicuous 
flowers. 
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. !rha geoaa Piwnla has a 5-va1ved dehiscent capanle, and a 5-cIeft calji. 
' Primula elatiar and P. verit me the Oilip and the Gonslip ; the; ara lemaFk- 
abk in that the; are heteroBi;lod ; that is, that in some SoveiB (Fig. 226 B) the 
Bt;le is aa long aa the tnbe of the ooroUa, and the stamena are situated at alioat 
liaU the height, whereas in others (Fig. 236 A) the style is onl; half the length 
and the anthere are ioBerted in the throat ot the MrollB : fertilisation onl; takee 
place vhen the poUen of the anthers which oorrespond in their position to the 
length of the 8t;les is applied to their Btigtnati. The capanle of AnagaUu 
oriietMu, the Pimpernel, deiuaoee trBOiverBely (pyiidium). Cyclavun ttiropieum, 
tlu Bow-bread, has an nndergrotind tnber ; the lohes of the corolla ars refleied. 
Ly^maehia has a deeply G-tOeft oalTx. Trientalia has osoall; a T-merous 



I Order 2, Mtksikes. These plfuita differ from the preceding 
tiiat the trait is baccate and the stem woody. 
Ardisia, with led bertiea, is a well-knomi ornamental plant. 



1, 2M.— Dfmorphli 
~B Lone-itjled form; I 
^Ua^run of PTimala. 




D oorallai 



Floral 



Order 3. Plumbaginej:. Styles five : there in a single basal oviile 
in the cavity of the ovary; flowera often small, in dense inflores- 
csences with nnmerona bracts. 

In the genus Armeria the Boners are in ospiCala, which are saTroendcd b; an 
inTolaore formed ot the lower scorious bracts ; A. vulgaris, the Thrift, occurs on 
Band; soils. Statice, with one-sided spikes, ococrs on sandy sea-shores. Plum- 
bago ooouri io Southern Europe and in the Sast Indies. 

Cohort 7. Ericales. Flowers 4-5-merons, actinomorphic : sta- 
mens TiBnaily in two whorls, and usually hypogynons : carpels 
opposite to the petflls: formnla K(n) 0(n) An + n j fl(n), where 
n = 4 or 5: ovary anperior or inferior, ranltilocnlar, with large 

Ijecting oxile plaeentce: seed with endosperm: authors nsaally 
lendicalate. 
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Order I. Ericacex. Anthers generally opening by two pores at 
the top (Fig. ?27 A), fanushed with appendages: £rnit a locnlicidal 
capsale, or fleshy. 

The genaa Erica bai a 4-lobed corolla and a locnlicidal capsnle : Sriea ctMTM, 
Ttlralix, and Callmui vulgarit, tb« common Beath or Ling, occur on liealbi 
and moon. Areletlaphylot Vva Urnia the BMrbert;; i(a bnit ia a bsn;. 
Jrhriw Vnedo, th« to-called Sttavbecry-tiM, belong* to Bonthsm Europe. 

Order 2. Epacbides. The whorl of stamens oppodte the petals 
is nanally wanting : the anthers open by one fiBsnre only. Anstrft- 
lian plants. 

Order 3. Rhodobaces. The anthers nsnally open by two apical 
pores, and have no appendages : fruit a eepticidal capsule. 

BkododttidroK femgiittvm and Ainoluii, the Alpine Bom, are wfld on the 
Continent ; other tpecie* of Bhododendron and A'pW from India and the 
■ODthem shores of the Black Bea ara onltivated. 




«U;le:i 



war of Eiiea: i pedloel; 1 csl^i c oarona; ■ antbon. B Fruit of 
■ pedioditaalri; /fruit, Uib loanll of whloh ■Hemale wUh Hie aapal«; 
C Flowtr or Faiciniim Kyrlitliu: fonij (intgrtor}i k etlyii aooroUa. 



Order 4. PiitOLACES. Sepals more or lees distinct: petals com- 
monly connate at the base only: authors withont appendages, 
generally debiscing transrersely or by pores: fmit a locnlicidal 
capsnle : seed minnte, with an extremely small embryo, consisting 
of only a few cells and a relatively massive integnment. Sapro- 
phytes containing chlorophyll. 

Fi/rola rotund^olia, Kcunda, minor, and rniifiora, theWinteT'greens, are lonnd 

Order 5. Monoteope*. Saprophytes devoid Qf chlorophyll, with 
scale-like leaves, otherwise resembling the Pyrolaceee. 
ilonatropa Ej/popitj/i, the Biid'B-nait, is not vei; et 
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Order 6. VACCOiEiE. Ovary inferior (Fig. 227 0) : anthers with 
appendages (Fig. 141 J5), usually opening by two pores: fruit a 
berry. 

Vaecinium Vitis-Idaa is the red Whortleberry or Cowberry; it nsually 
blossoms and bears fruit tmce in the year. V, Myrtillus is the Bilberry or 
Whortleberry, with deciduous leaves. V, Oxycoceot, the Cranberry, and F. 
fdiginoiwn^ the great Bilberry, are low shrubs occurring on moors. 

SEBIES n. EPIGYNiE!. 
Ovary inferior. 

Cohort 1. Campanales. Flowers actinomorphie or zygomorphic, 
pentamerous : sepals leafy and narrow : stamens usually free from 
the corolla, but often connate : ovary of two to five carpels, inferior : 
formula K(h) 0(b) ^(5) G^ to ^. 

Order 1. Campanulaceji. Flowers usually actinomorphie: sta- 
mens five, often connate at the base : ovary usually trilocular, with 
numerous ovules ; placentation axile : fruit a capsule : seed with 
endosperm. Mostly herbs with milky juice. 





Fxo. 220.~Floral diagram of LoDelia: 
a gynoBciam of Lobelia. 

Fie. 228.'-Aiidr(BCiain and gyocBcinm of Campanula: / inferior ovsiy; c insertion of the 
corolla ; a anthers ; b expanded base of the stamens; n stigmas (mag.). 

Campanula rotundifolia, the Hare-bell, glomeratay and other species are com- 
mon in fields, on heaths, etc., etc. : C, media is the Canterbury-bell cultivated 
in gardens. Phyteuma orbiculare, spicatumt the Rampions, are indigenous in 
parts of England ; the flowers are in capitula, and tbe calyx is deeply 5-cleft 
with spreading teeth : nearly allied is the genus Jasione ; J. montana, the Sheep's- 
bit, is common in England. Specularia has a rotate corolla; 8. tpeeulum, 
Yenus^s Looking-glass, is cultivated. 

Order 2. LoBELUCEiB. Flowers zygomorphic (Fig. 230): the 
corolla commonly forms a tube which is more or less cleft on one 
side, and the limb is divided into two lips, the lower one consisting 
of three lobes (Fig. 230 -4, u) and the upper of two smaller ones 
(Fig. 230 Af o) : at their first formation the position of these parts 
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a exactly the reverse, bat in tfae course of deTelopment the pedicel 
nndet^oes torsion, so that those 
p&rts irhich are originally pos- 
terior become anterior, and vice 
vertd : anthers sjngenesioiiB 
(Fig. 230 B, tr) and nneqnal in 
conseqaence of the zygomor- 
phic stmctnre of the flower: 
ovary 1, 2, or 3-Iocnlar, with 
numerous anatropons ovides: 
fmit a capsule : seed wiUi en- 
dosperm. Herbs or shmbs 
nsnally with a mUl^ juice. 

£. DoTtBuaati, the Water Lobelia, 
ports ol England. 



inconspicnons, often wantiiig: 
stamens epipetalons, alternat- 
ing with the segments of the 
corolla: ovaiyiLnilocalar,OT<ile 
solitary. 

Order 1. Yalbbiasbs. 
Flowers z^omorphic or ii- 
regnlar, originally pentamer- 
ons: calyx wanting, or some- 
times asanming the form of a 
h^ry corona of ten rays, called 
a pappns, which is not de- 
veloped nntil after flowering 
(Fig, 231 B,p), daring flower- 
ing it remains short and m- 
folded (Fig. 231 A, k}-. only 
three stamens are asaally de- 
veloped: carpels three, form- 
ing a trilocalar ovary, of which, 
however, never more tiian cm 
locnlns developes ; ovule single, 
suspended (Diagram A, Fig. 
Vaiartani/ 231): Seed withont endo- 
sperm: leaves decnssate, ex- 
stipulate. 




• i fcmlji; cooroi; 

Is I p pappni. Plor»l 

ian; Bol CeatiBulhiiB. 



OHOUP IT. — PHAintROGAMS. 279 

VaUriana oficinalit, uid dioiea, toe oominoD in damp places. TaleriuieUa 
' Ibb a toothed Dalji.limb ; mAQ; gpeclsB are <iommon infields; Valerianella 
ttitoTia, Cornaalad, or Lamb's lettaee, is eaten. CentTanlhui ruber is an orna- 
mental plant ; on]; one etamen and one carpel ure developed (Fig. 231, Diagram 
B) ; &t tbe base of the tube of the ooiolla is a spar wLtoh ia indicated ia 
T&lerioua b; a protiiberanoe. 

Order 2- Dipsacej:. Flower originally pentamerona, and box- 
rounded by an epicalyx (Fig. 232 k"} fonnei of connate bracteolea ; 
calyx often plumose or bristly (Fig. 232 fe) : corolla bilabiate: 
Btamena only four, the posterior one beii^ suppi-eased : orary 
unilocular, with one suspended ovulo : seed with endosperm : leaves 
decuasate, esfltipulate: flowers in a dense capitnlum. surrounded by 
an involucre : the outer florets are usually ligulate : the receptacle 
may or may not bear scaly bracteolea : fruit invested by the epicalyz 
which is cleft longitudinally. 

Dipfla«iia, the Teazle, has a calyx without bristles; the capitula of Cipiacut 
FuUonum are used in finiahing woollen oloth, for the sake of tbe strong booked 
■piuei of the liraeteoles : D. tiicetlri* ia common on waste ground. Soabioaa has 
palcc, and the piojecting limb of the epicaljz ia irj \ S. ColanbaHa is common 
In pastures. In Snccisa the limb of the epic&lji is heibaceous; S.prateaiU 
oconrs in dunp meadows. Knaulia haj palete ; epicalji entiie : K. arveniii is 
oonuDoa ia flelds. 

Orders. CoHPOSrr*. The flowers are always collected into many- 
flowered capitula (sometimes only 1-flowered) : in the same head, 
hermaphrodite, female, and asexual flowers generally occur: ovary 
inferior, unilocular, with a bBsal, erect, anatropons ovule: the calyx 
ja rarely present in the form of small leaves or scales (Fig. 235 B, p) ; 
more commonly it is a crown of simple or branched hairs (Figs, 233 
p, and 235 A, B, p), and is not developed till after the flowering is 
over; it is termed the pappus; aometimea the calyx is wholly want- 
ing; corolla tubular, either regular, and 5-toothed (Figs. 233 A, c, 
235 C, m, c), or expanded at the upper end into a lateral limb with 
3 or 5 teeth (Figs. 233 B, 235 B, ra), (Fig. 235 A, c), when it is 
said to be ligulate: the stamens are short, inserted upon the corolla 
(Fig. 233 A, tt) ; the anthers are elongated aud syngenesions, 
forming a tube through which the style passes (Figs. 233 A, a, 235 
J, a) : this is bifid at its upper end (Figs. 233 A, n, 235 A and G «) : 
on each of these branches the Etigmatio papillto are arranged in two 
rows: in the wholly female flowers the styles are nsually shorter 

i(Fig. 233 B, y) : fmit an inferior achene (cjqjsela), crowned by 
^ pappus (Fig. 235 E and D,p) when it ia present (Fig. 235 F,/) -. 
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Bometiines the fruit has its npper end prolonged into a. beak, and ita 
surface ia covered with ridges or spines (Fig. 235 U, h) : seed with- 
out endosperm. 

Usaally herbs with scattered (more rarely decussate), exstipnlata 
leaves, often with milky jtiice. The capitnla are always snrroonded 
by a number of bracts forming an involucre (Fig. 235 B, i). The 
scaly bracteoles of the individnal florets (paleee) may be present or 
wanting (Fig. 235 0, d). 

The Composite are claasified aocording to the form of the Sowers 
and to the distribution of the sexes in the inflorescence. 




re (diae) ponBltiidlnal sectl. 
■ inatdgnifti ffMyle; acnnla. 

Sub-order 1. Tubuuflobs. The capitnla either ooatist entirely of benna- 
phrodile tnbnlar florets (bj tnbnlar Sowers are meant tbose with ■ regnlar 
S-tootbed eoTQlIai) or the central florets (florets of the diso) ara tDbnlor and 
hermaphrodite (Fig. 333 A), whereas the floiets ol Oie ray are Ugnlate and temaU 
or aieinal, and form one or two rows (Figs. 233 B, 336 B, m). 

Tribe 1. Eapatorita. Leaves mostly opposite : flovers til tuhnlar, herma- 
phrodite ; the brsnehes of style dbttow ; papilln extending to the middle. 

Eiipatoriura Cannabinam, the Hemp Agrimony, is common in damp plaoea. 

Tribe 3. TutiHaginea. Leaves alternate, radical : lay-fiorets lemale, somo- 
times Ugnlate : the branches of the style are bifid at the tips. 

Petaiita wlgarii, the Bntter-bnr, and Tiuiilago Far/ara, the Colt's-foot, ue 
common in wet Gelda. 

Tribe 8. Atteroidta. Leaves alternate iray-Soiets female ot neuter, generally 
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gnlnte : brsinchcs of the slj-le hairy above, papillie exteniling to where the haiia 
' begin. Manj species of Aster, belonging chiefly to Noith America, are caltirateJ 
aa oTDBDieDtal plants, as also CaUiiiephut Chintntii. oommonl; known as the 
China Aster. Erig/ron aerii. aipinua and canadiniis occor in England; the 
last is an imported weed. Bellii permnit, the Dais;, is oniversal. Solidago ia 
the Qcldeo Bod. 

Tribe 4. Senfcionidea. Leaves alternate: lay-florets in one row, lignlate, 
female, rarely absent ; branches of the style tnited at the tips. 
Smecio Bulgarit, the GrotuidBel, is nniverBal as a weed. Arniea tnontana 
■s in Alpine woods. Two species of Doraoicnm have become natarahzed in 




Fio, 233.— Flowen of Compoiila: / bait or ovar; i h its beski p pappi 
Btamena: n sCiKmiis. A LignlaLeflnwernt Taraiicom, witli a S-tootbod eoroIls-liiDb, h«nna- 
ptirodLU, B Capltulnm at Acfaillea (mtg.): rn flont ol the ray. wtth I%ii1ata 3-IonUied 
corolla, tomals: m bsrnuiphrDdiio Horeu of the dlso, nllti a S-taotbed tabular ooiollai > 
iavolocro. C IionBitnflioal iMiion more bighly magnifled: t raoeptailB; i inTDlacro; d 
bracteolfv (palen); ra floroL of tbe rayi <n Boret of the dine; n' stigmrm of Iba femiLlff 
flow™. D Frqit of Tanacetdm, with ■ «calr pappna. S Of Tataiacmn, with a hairy 
pappnn, POfAit*mlflla.wlthoulBpappn»(mag.), 

Tribe 5. Atithemidea:. Leares alternate : raj-3orefa female, lignlalo or tnbn- 
lar ; branohes of style tufted at the tips ; pappus 0, or minnte. 

Artmiitia Abtynlhium, Wormwood, A. vulnarii and campeitrit are eommon; 
Chrgtanthemum Lnieanthtmnm, the Oi-eye Daisy, in common in fielde. afairf- 
earia Chamomilla, the Wild Cbnmomile, has a hollow conical receptacle 
deslitate of palete. AnthtmU nobili$, the Common Chamomile, has a receptaole 
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bearing palea, m aIm A. MrvemsU, the Com Chamomile. AehiUea Millefolium 
is the MilfoiL Tanaeetum vul^are is the Tanay. 

Tribe 6. HeUamthea. LeaTes opposite: ray-florets or ligalate, yellow, 
female or neoter : branehes of style as in Asteroids*. Bidens is common iii 
wet places. Qalinsoga is naturalised in England. 

HeUanthMt ammiu is the Sonflower; oil is extracted from the seeds: the 
tnbeis of H. tuberonu, a West Indian species, are rich in inolin, and serve as a 
Tegetable and for fodder ( Jerusalem Artichokes). 

Tribe 7. Inulea. Leayes alternate : ray-florets lignlate, female, yellow : 
branches of style as in Asteroides. 

Inula HeUnium is the Elecampane. 

Tribe 8. Cynarea. Flowers all tabular, the outer ones sometimes female or 
neuter:] style thickened below the branches: leaves generally armed with 
spines, alternate. 

Arctium Lappa, the Burdock, is common by roadsides; the leaves of the 
involucre are hooked and spinous. Carduut nutaru and critpus are common 
(true) Thistles; Carduiu {Cirtium) laneeolatutf pdhutritt pratensis (Plume- 
thistles), are common in damp districts. Carlina vulgaris ia the Carline ; the 
inner leaves of the involucre, which are white, fold over the flower head under 
the influence of moisture, but in drought spread widely open. Centaurea 
Seabiosa and nigra, the Knapweeds, are common everywhere. C Cyanus is the 
Corn-flower or Blue-bottle, occurring in wheat flelds. Cynara Scolymus is the 
Artichoke ; the flower-buds are eaten as a vegetable. Carthamus tinetoria, the 
Safflower, is used in dyeing. In Echinops, the Globe-Thistle (exotic), numerous 
one-flowered capitula are collected into one large spherical head. 

Tribe 9. Qnaphaliea, Leaves alternate, entire : bracts scarious : flowers all 
tubular, the outer ones female : branches of style papillose at the tips. 

In Gnaphalium, the Cud-weed, and in Filago, the capitula contain female and 
hermaphrodite flowers, but in Antennaria, the Everlasting, the flowers are 
dioecious. 

Sub-order 2. LABUTiFLOBiB. The hermaphrodite florets have a bilabiate 
corolla ; the male and female florets have a ligulate or a bilabiate corolla. South 
American. 

Sub-order 3. Ligulifloilb (Cichobiacba). All the florets are hermaphrodite ; 
limb of the corolla 5-toothed and ligulate (Fig. 235 A). 

Taraxacum officinale, the Dandelion, is the commonest of wild flowers. 
Lactuca iativa is the Lettuce. L, Scariola, virosa, and others, are common 
in waste places. Scorzonera hispanica is eaten as a vegetable. Tragopogon 
porrifolium, the Salsafy, and 2\ pratensis, the GoaVs beard, are common. 
Cichorium Intybus, the Chicory, is found by roadsides ; the roasted roots are 
mixed with Coffee : C endivia (Endive) is a vegetable. To this group belong 
also the genera Hieracium, Sonohus, Crepis, Lapsana. 

Cohort 3. Rubiales. Leaves generally opposite: calyx 
generally present and incised : stamens epipetalons, alternate with 
the segments of the corolla : ovary 2-8-locnlar, ovnles 2— oc. 

Order 1. Rubucej:. Flowers actinomorphic, 4- or 5-meroTis : 
calyx leafy or suppressed : corolla with valvate SBstivation : ovaiy 
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1- or 2-localar, consisting of two carpels, 1- or many-Heeded : seed 

osnally containing endosperm : leaves decnasate, stipulate : stipnlee 
similar to the trtte leaves (Fig. 236 d,nn): the true leaves are 
distinguished by the brandies which arise in their axils (Fig- 236 

A//,'.)- 

Snb-ordei 1. Stsllitx. Stipules targe and leafy: locnli l-seeded. 

Galium, Bedstrair, has a rotate corolla and an ineoDipicitotu ealji. nsaally 
tetnUDerona : O. vemm, Mollugo, Aparint, and othen are common in heilgea 
and piutoreB, Aspernla bat bd infuudibalifonu corolla, bat in other reapecti 
the floirei leBembles that of Galium; A. odarata, the Wood-raft, is common. 
nubia (inctorum, the dyer's Madder, has a pantameroos flower, a rotate corolla, 
and B baocate fruit ; it 
JB used in dyeing and 
largely oallivated ; it ia 




Eniupe and the East ; 
it is cbeel; allied to 
the Biitish ipecies B. 
j/eregrina , tlie Wild Mad- 
der. Sherardia has a 
oonapicBoas calyx ; S. 
aTvetuii, the Field Mad- 
der, is loond in culti- 
vativf and naste places. 

Bab-order 2. Comi.- 
o%M. Stipules seal; : 
loooU I -seeded. 

Coffea arabiea, the 
Coffee-tree of Africa, is 
grown in the tropica ; i 
the fruit, • berry, con. 
tains one or tno seeds ; 
tha BO-called coffee-bean 
if tbe leed which con- 
sieb of endoiperm and ' 
eontaina a small embryo, g ^ 
Cephoelis yields Ipeca- naulben; n sUgnu. 
chnana. 

Sub.oider 3, Cihchohex. Btipules scaly : locali many-seeded. 

Tarione species of Cinchona, indigenoiis to the eaetem slopes o( the Andes, 
but cultivated in Jara and tba East Indies, field the cinchona bark Iroin nbioli 
Qninine is pceporcil. 

Order 2, Capeifoliace*. Flowers osoatly pcntamcroiis, actino- 
morphic or zygomorphic: corolla nsnally with imbricato tesliv^ 
tion; ovary 2-5-locular: ovules saspended : fmit baccate; seed 
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with endosperm: leaves opposite, nsuallj ezstipnlate. Mostly 
trees or shrabs. 

Tribe 1. Samhueea. Oorolla rotate, nsnally aotinomorphlc ; one ovule in 
each loctilas. 

Sambncns, the Elder, has a 5-partite corolla, and 3-5 seeds in the berry ; 
8. nigra is the Elder. Yibomium has a 5-partite corolla, and 1 seed in the 
berry ; V. Lantana and V. opulus, the Guelder Bose, are common ; a form of 
the last species is cultivated, in which all the flowers (and not merely those at the 
ciremnferenee of the ooiymb as in the original species) have large corollas, and 
are barren. Adoxa mosehcLtellina is a small plant occurring in damp woods ; 
the stamens are branched. 

Tribe 2. Lonieerea. Ck)rolla tabular, usually zygomorphic : loculi containing 
several OTules. 

Lonicera, the Honey-suckle, has 2-3-locular ovary ; L. Caprifolium and Peri- 
elymenum, with a climbing stem, are well-known garden shrubs ; in many species 
the fruit cf two adjacent flowers grow together to form a single berry («.y., L. 

n 





Fie. 237.— Floral diagram of 
CaprifoliacciB. A Leyoesteria : 
a gyxuBcinm of Lonicera ; h of 
Symphoricarpos. 



Pig. 288.— Flower of Loniewa Caprifolium : /ovary; lb calyx ; r tube; o o the five lobes of 

the limb ; ft stamens ; g style ; n stigma. 

alpigena), SympTioricarptu racemosus, the Snowberry, has a 4-5-locular ovary 
and white berries ; it is a common ornamental shrub. Diervilla has a bilocular 
capsule ; D. CanadentU and rosea are ornamental shrubs. LinncBa borealis is 
a small creeping plant in Norway and in the Alps. 



SUB-CLASS ni. POLYPETAL^. 

Flowers nsnally hermaphrodite : perianth usually consisting of 
calyx and corolla, the petals being free. 

SERIES I. CALYOIFLOR-ffi. 

Flowers epigynons or perigynons : calyx nsnally gamosepaloas : 
stamens definite or indefinite : gynoecinm syncarpous or apocarpous. 
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ICohort 1, Umbellales. Flowers usually actiaoni Orphic, epi- 
\, with generally & single whorl of Btamens opposite lo the 
Bepala : calyx inconspiciioTis : ovary bilocnlar, with one ovule in 
each locnlns : a disc between the etameiw and the BtyleH : infloreB- 
cences usually nmbellate : eced containing endoepcrm ; loarea 
exEtipulato. 

Order 1. Umbelltferj;. Formnla, ZS, C5, A5, Go : the calyx is 
generally very smal!, often hardly visible; the corolla consists ot 
five rather small ivhito or yellow petals ; occasionally the outenaOBt 
petals of the flowers at the circntnfereDce of the nnibcl are larger 
than the others, and the nmbel ia then termed radiate: stamens 
five ; ovary inferior, hilocolar: the base of the two styles is fleshy 
and thickened, forming an epigynoos disc (Fig. 239 A d) ; one 




arMlium: p pedicel^ g atyie; t t r ridge* |oc»M3)i rr margliutL ridsea; o oU- 
ilncU (vitW) (mug.). C TranavarM iMtion ol merlrarp of Cimim Carui.- i» »iirrBCB tbat 
Donui tnto conuet with cbe otber mariearp ; •> vittB; t endoBpenn. V TnonTerH uction 

tiro mgrlorpi its ineoDtecl; r ridgu: n ■ecoDdu'; ridgea, f BiHllon of > merlcarp (mag.). 

Bospended ovnle in each locTilns of the ovary (Pig- 148 E) : the fmit, 
when ripe, splits into two mericarps, each locnlus of the ovary 
being permanently closed by a median septnm (Pig. 240 a). The 
Btmctnre of the pericarp is an important characteristic for the 
clawification of the family. Tlie fmit is commonly either oval in 
form (Pig. 240), or compresaod (Fig. 239 B), or nearly spherical 
(Fig. 239 E) : its snrfaoe bears longitndinal ridges (ewste), five 
genorally on each moricarp ; of these, two ran along the margins 
(Fig. 239 B, C, D, rr), and the other three along the dorsal sarface 
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(Fig. 239 B, C, D, r). In the spaces between the ridgee, whkh 
form furrows, lie oil-dacte or receptacles (villa) (Fig. 239 B, C, o), 
and sometimes other secondarj ridges (Fig. 239 E, F, h). The 
mericarp when ripe is filled by the seed, of which tie larger part 
conaiata of endosperm (Fig. 239 C, D, F, a)encloeiiig a small embi70. 
According to the form asanmed hj the endosperm, the following 
gronps may be diatingnished : the Ortko^^emtem, in which the 
snrface of the endosperm which is directed towards the plane of 
jnnction of the two mericarps, is flat or convex, as in Camm (Fig. 
239 0) : the Campylo>perm«B, in which ^e endosperm is concave 
towards the same plane, as in Coninm (Fig- 239 D), and the 



Calospernn 



which the whole endosperm is carved, so that it ie 
seen to be concave towards this plane both 
in longitndinal and in transverse sectiwi, as 
in Coriander (Fig. 239 F). 

The flowers, with few exceptions (Aa- 
trantia and Eryngiam), are in oomponnd 
nmbels; in some few cases, as in Dancns, 
there is a solitary terminal fiower which ia 
black in colonr : an involncre and involacela 
are largely developed in some species, in 
others they are wholly wanting The bollow 
stem bears large leaves with generally well- 
developed sheaths and mnch-divided laminffi. 
Barely the leaves are entire and amplezicaul, 
as in Bnpleomm. 

SnbHirdeT I. OBiaaapssKBa. 
1. Umbels simple. 

Conil. J OmyoE the flower Tribe I. BydriKOtyU*, Frnit laterally oom- 
(f). B mpe tniit. Tha two pressed. The genus H;drooot;le oonsiita of manb- 
locoU hsTB Mpuvted ■<> u to plants with peltate leaves. 

to™two™rioMT>«(™v Ptot j^^ g SanicaUa. Fruit neatly oylindriol. 
of the Beptom couUluUa Ihs _ . . , , .t . . ■ '"""T"™" 

carphophore to), "is gronp uvoludeH the genera Astiantia, Erynpimi, 

and Bamoola. 

2, Umbels compoQiid. 

Tribes, Ammitu«. Fmit vithont seoondaiy ridges, laterally Gompreued; 
Bnplennun, Petroselinnut, Apium, .^gopodimn, Ganun, Oionta, Siom. 

Tribe 4. Seielitua. Fruit withoat seoondary ridges, uiraiilar in transreru 
section; .Xthnsa, FcBDionlmn, (Enanthe, Seseli, Menm. 

Tribe G. Angtlictie, Fmit witbont seeoiidarj ridges, oompressed in the 
median plane, the lateral primary ridges vringed, tbe wings ol the two merioarpi 
divergent: Zievistiaiun, Angelica, Archangelioa. 

Tribe 6. Peuetdanea, Fruit without aenondary ridges, oompressed in tbe 
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mediftn plane, the lateral primary ridges nioged. the wings of the two mericarpB 
apposed : Peucedaiinm, ImperatoFiB, ADetham, Fastiaaca, Heracleam. 

Tribe 7. Siltriniie. Each merioarp has four aeoondaty ridges : Siler, 

Tribe e. Thapiiia. Each mericarp baa four secondaiy ridges, of nhicb the 
eitemal ones at least are winged : Lasorpitiam. 

Tribe 9. Qauctiute. The secondary ridgea are spinous : Dsacos. 

Snfa-ordet IL CuiPTUiaPBauKS. 

Tribe 10. CoMcaliTiea. Secoodaiy ridges apinons: Caucalis. 

Tribe 11. Scandicea. Frait witbont secondary ridges, laterally eompressed, 
asoaUy beaked : Antbrisons, CbsropbyUnin, Myrrhia. 

Tribe 12. Smytniece. Froit without leeondary ridges, nnbeaked: Conium, 
Smyrmum. 

Sub-ordec IIL CtBLOBFEnuKS. 

Tribe 13. Coriandrea. Fruit spherical ; secondary ridges more prominent 
than the wavy pliraary ridges ; Coriandmm. 

Anthritcui lilvettrit, Carum Carui, the Caraway. HeTacUim iponiiyHuni, the 
Cow-Parsnip, Mgapodium Podagraria, Pattinaca tativa, are common in meadows 
and woods. The following are cultivated : Apium graveoUm, Celery ; Pelro- 
Mlinuin aaCiiium, Parsley; DaiKiu Carota, the Carrot; Pailinaca ulcraeea.tbe 
Parsnip; Anthriieui ecrffoliam, the Chervil. The tallowing are poisonous: 
Coniunt nuifulatum. the Hemlock; Cieuta clroia, the Water-Uemlock ; ^l/iuia 
Cynapiun, Fool's Parsley. 

Order 2. Aealiaces. Flowers generally pentamerous ; stamenB 
sometimea more namerons; carpels more or less nomeroos: fruit 
a berry or a drape. Shmbs, eometimeB climbers, with scattered 
palmate leaves, 

Hidira Helix, the Ivy, does not blossom till it is some years old : the nmbela 
are borne on erect branchea, the leBvea o( which are entire. Fatiia papyri/era 
is used in Japan for making a kind of paper known as rice paper ; it is made 
from the pith. 

Order 3, COKSACES. Flowers tetramerons, with a dimerons bi- 
locnlar ovary: fruit nsoallya drape. Shrubs with woody stems and 
entire opposite leaves. 

Comui mat, the Oomel, has yellow Sowers which bloom before the unfolding 
of the leaves, and a red fruit. C, languiata and ituciea are oommon shrabs. 
Aucuba japonUa haa coriaceoos leaves, diceeiouB flowers, and a baccate fruit. 

Cohort 2. Ficoldales. Affinity doubtful. Flowers epigynons 
or perigynoua, with the very numerous petals and atnmene, and 
often the sepals also, arranged spirally : ovary oni- or mnltilocitlar : 
plftcentaa parietal or basilar. 

Order 1. Cactbj;. Flowers acyclic, ep^ynoas, with numerona 
sepals, petals, and stamens, which gradually pass into each other : 
ovary onilocnlar, with three or more parietal placentce : ovules 
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horizontal ; endosperm little or none : stems of the most various 
forms : leaves nsnallj represented by tufts of spines. All are indi- 
genous to tropical America, but many have been introduced into 
the eastern hemisphere. 

Mamillftria has a spherical or cylindrical stem on which tubercles, arranged 
spirally and bearing spines, represent the leaves. Eohinopsis and Echinocactos 
have angular ridges on which the tofts of spines grow. Cereos has an angular, 
columnar, elongated stem. Phyllocactos and Bhipsalis have compressed leaf- 
like stems. Opontia and Nopalea have flattened stems composed of a sac- 
cession of flattened ovate shoots. The Cochineal insect Uves on Nopalea cocci- 
nellifera. 

Order 2. Aizoacbib (FicoiDEiE). Flowers with a simple perianth 
and usually indefinite stamens, the more external of which are often 
transformed into petaloid staminodes : ovary multilocular. 

Many species of Mesembryanthemum, natives of South Africa, are cultivated ; 
in Aizoon the flowers are perigynoos. 

Cohort 3. Pass ifl oral es. Flowers actinomorphic, epigynous, 
perigynous or hypogynous, pentamerous: stamens in one or two 
whorls, or indefinite ; gynoBcium syncarpous, ovary usually trimerous 
and unilocular : ovules numerous, on parietal placentas. 

Order 1. Passifloracej:. Flowers pentamerous, perigynous ; be- 
tween corolla and androBcium there is a disc consisting of a number 
of filamentous appendages : the androBcium and the gynoecium are 
elevated upon an elongation of the axis : stamens five, often mona- 
delphous, opposite to the sepals : leaves palmate. Climbing plants. 

Several species of Fassiflora, the Passion-Flower, from tropical America, are 
cultivated. 

Order 2. Papatacej:. Flowers diclinous, hypogynous: stamens 
in two whorls : carpels five. 

Carica Papaya^ the Fapaw, is cultivated in the tropics on account of its edible 
fruit : its latex is poisonous. 

Order 3. Begoniacej:. Affinity doubtful. Flowers diclinous; 
the male flowers have two dimerous petaloid perianth- whorls, and 
indefinite stamens crowded together ; the female flowers are epi- 
gynous, the perianth consists of five petaloid leaves, the ovary is 
trilocular, with numerous anatropous ovules borne on azile placen- 
tsB: fruit a capsule: leaves often very large, usually oblique: 
inflorescence cymose, the male flowers being terminal on the first 
branches, the female terminal on the last. 
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Uaii; species of BegouiB, darived trom the tropiaa, Kro cattiTatad ob oina- 
nuntol planta. 

Order 4. Cocobbitacej;. Flowers diclinous or polygaraona, actino- 
morphic: corolla gamopetalooB, of five petals : stamens epipetalons, 
five, but two pairs cohere, so ttat there appear to be bnt three 
(Fig. *241, diagram) ; sometimea there is only one short one, with 
a large sinnons anther r ovary inferior, unilocnlar, or spnrionsly 
mill til Cfcnlar, with one or (more often) many parietal ovules: fmit 
baccate {a pepo or a snccnlent berry), often of great size, with 
a relatively thick and 8olid epicarp: seeds without endosperm. 
Herbs with scattered leaves, tften climbers, the tendrils growing 
by the side of the leaves. 

Cucvrbita Pfpo ifl the Pomp. 
kin : the genaa Caaumia haa tree 
alamena ; Cueumu laliva i» the 
Oacumber, uid Cucumif Mtio ia 
the Union : Cltmlliu vulgarii it 
the Walcr Melon. The genua 
Br7onia has a avaiil nhite 
oorolla ; the loouli of the ovary 
are 2-seeiied, and the fnilt is a 
ancoulent berry 1 B. dioica is 
common in ihiubbedes and 
hedges. 

Cohort i. Myrtales. 
Flowers nsaally actinomor- 
phic, epigynona or peri- 
gynonB, with commonly two 
whorls of stamens : gynce- 
cinm Bjncarpons, with nsn- 
ally a single style: leaves 
nsually opposite. 

Order 1. Okaoracej:. 







Fia Ml.— A LnDRltndi 

mtigfiui; ttr mdlmBntai 
ul iftoiioo of DiAls aowe 
arj ovwy, the corolla 

Flowers nsnally tetramerons -bMrn-s)- Fio^i aug™. of Cmbi 
thronghont, epigynons : ovary mnltitocnlar, with nnmerons ovules 
on aiile placentee: fmit a berry or a capsnle; seed without endo- 

iiperm. Calyx often petaloid, forming a long tnbe (Fig- '24i^ A, r). 
(Bnothtra hifimii, the Evening Frimroie, Deoan on river banka ; the seed haa 
sot B tuft o( huri. and the fiowera are Teiloir. EpUobinm is the Willow Herb, 
at which many ipeeioa are oommon ; E. angvtU/oHvm, hfrtuf uin, and monconum 
Bteur in Selda. hadjaa, and ditchea ; the «eed« have a tuft ol long baira ; flowera 
L 1. 
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.1% 'K#r lAlknr .m iiiniiiir la 
.1* oflMfi nffnMmt* iflacl "vitiuiiis 




i iBjXrt o , »ww«t»<»fli»iMMW>itarmiiny»ffae(r); •if—; fw^mj m gg^ f^ r 
neiirrtM. i> >T*>#«r<ir J»a aH wi>li < iwi < » wauH iii—ft«girB». ClMft ^^ *^ '^^ 

i4A) : mfA wiihoai endosperm: leaves nsiuJlj oppoate^ dotted witii 

*tt\h% 1« MffUa, WruH • berry or • dmpe; ■huBcne iiWlBfiiiHe 

Myrhti 6(mmwnU i« tiM Ifjrtle of Southern Europe; Eugenia and Gexjopli^- 
\m Af« alflo omaixMfiii*! ibnibf. 

Tf }b^ 9. Ltfpto»p9fmia, Fmit a eapfule, dehifeing loeuHeidany from abors 
/l^rWfiWAf /Iff 1 MiftfiiMiN itukfloite, in bandies which are opposite either to tbe 
fi(>|iAffi tit io ilie p6tftlfi (Fif(. 348). 

(Intllfiifmioti, Melftlenoa, Hetroiiderof , Oalothamnas, and others, are ornamental 
ttJAtiftfi i filamtypiM Otobulut, from Australia, is much planted in marshy dis- 
it-lt^lM, whisli ift tottds to dry up by its aotive transpiration. 



^ibc 3, Leeythidfa. Fruit large, woody, dehiaciog with & lid, or iadBbiscent ; 
Imves acattered, witbont oil-glands : stameDB indefinite. 

BertholUlia ixetlia grows in tropical America ; its fmits are known as Brazil 

Tribe i. Granalea. Fmit reBembling a pome ; leaves opposite, without oil- 

Puniea sranaium, tho Fomegranate, grows in Sontbem Boiope ; Bowers BS- 
meroas; receptaole petaloid; atamena indefiDite; in the ovary there are two 
whoils of loculi, an external saperior of which the locnli are as nnmeions as and 
are opponite to the petals, and an internal inferior eonBiating of three loculi. 

Order 4. RHizoPHORACEa:. Tropical trees with aerial roots, known 
as Mangroves : tho seed o£ten. germmates in the fmit whilst it is 





rW 


7ia. IH.—Flower.bDd afOaryopb;!- 






r the Inferior dry, with tbe oil- 


the flower of CWottamOM : / o^nrj i 


glands (<)rli >k tbe OYolM; kctlji; 






namiKltjle. <Afl«e«hi.l 


(«rl«(ml>r)i[ed). 



Btill attached to the tree, and the primary root extends till it reaches 

the earth. 

Cohort 5, Rosales. Flowera actinomorphic or jiygomorphjc, 
usually hermaphrodite, perigynons or epigynons : stamens rarely 
fewer in nnmber than the petals or eqnal to them, generally in- 
definite in nnmeroas whorls : gyncecium more or Jess completely 
apocarpous : ovules anatropons, suspended or erect ; seed with or 
without endosperm. 

Order 1. Bosacbje. Flower8acti0omorphic,perigynOTi6:gyiicBcinm 
apocarpons : ovules 1 or few, anatropona ; seeds without endosperm ! 
leaves scattered, stipulate ; the odd sepal is posterior. 

Tribe 1. Roiea. Carpels numerous, attached to the base and aides ot the 
hollow reoeptadle, which is narrow above (Fig. 245 C) ; each contains a singls 
suspended ovule, and- when ripe, are acbenes GDclosed in the flesh; receptacle : 




lU, it 
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m^,tm \¥*^ ^ m Miu t tm : A MahmUH, die 

0»4( r^.Mc i^ltf^u^ , A, «jH«MM ui du 9o« or BliifciJiarii, 

T^^ir^t 4 fiftmifiDHunfftMi, Wlcmtun otften nniaffinal. : ovanes finr, oftoL But 
M^ift^rfMrr/rfMi, AnA}/4Mk^ in dui tttvitj of tiie see^ticis wfcxBb. ^"■^"■^ mm t&K 

*f^/»#(rM» ^4 ^^ (Ww«f) AlUrruU* with th« fepaU ; aa eptadyx k pnaeat: JL v«2- 
/(f^«y^#, IM f«4i4y*ii Af*AttA, *fi4i X, arvefuit, are eommoo. The Howexs of tiitf 
t(tiffti4 HMttt'i^tifftitii, Ih* ^iTAftt BnnMt, have no eoioQa, tiie ftmr iitaiw im are 
/ffrpr*!*!^ I^» It'i* Mipalu, *a4 tbiij havA no epicalyx ; 5. ojfieimaiui m mmrntunn in 
tHnt^4Viwn ttMi fU9if«f» of tht gnonf Poterioxn, the 
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tlioae of tbe pTecediog, bnt the Btamens are indeflnite, and they ate pol.vgamouB. 
The flower of Agrimoaia is pentameroua ; it haa a corolla and indefinite Blamonii ; 
the outer surface of the receptacle is beset iritb bristlcE. 

Tribe 5. DryaiUie. The ovaries, which ace numeroua, are inserted npoa 
a prolongation of the asis into the cavity of the reoeptade (Figs. 545 B and 246 
Jl) ; each oontaina a single ovale. The oalji is usnallj aatroanded by an epi- 
calyz formed by the connate stipules 
of the sepals. The stamens are asually 
indefinite, each whorl consisting o( as 
man; or twice as many stamens as 
there are petals. These flowers are 
distinguished from those of the Ba- 
nnnculaoeiE, which they somewhat 
semble, b; the whorled arrangement 
of the stamens and by the presence 
the hollow receptacle; for in Hann 
culaceouB flowers the stamens are a 
langed spirally and the sepals are quite 
free. 

Of the genUE Fotentilla, which has dry fmits and a dry receptacle, many 
species ace common, such as P. anierina, the Silver-weed, reptans, Tormenlilla, 
aud others. Fragaria is the Btrawberiy; the receptacle becomes sacculent as 
the fruit ripens and bears the small achenea on ita snriace ; F. veica and 
rliitlor are found in woods ; F. viTginiana and other North American species 
are cultivated. The flowers of the genna Buboa have no epicalyi and the fruits 
are succulent when ripe : Bubiu tdaua is the Raspberry ; its fruits separate from 
the dry receptacle when they are ripe : in E, /rutieotia, the Blackberry, and 
11. taiitu, the Dewberry, the upper part of the receptacle separates together 
with tbe fruits when ripe. Dryat octopetala is a procumbent alpine shrub with 
an oval, long-tailed Emit (resembling that of CUmatU VitaWa). Gmm urbniium 
and rivali (Avens) occur in woods and damp flelds; the long style is hooked- 
Tribe 6. Pomtie, Ovaries five or fewer, contained in the cavity of the 
receptacle, connate, and adnale to the wall of Che receptacle (Fig. 245 D). 
t is surmounted by the calyx. The individual (ruits either 
3 like smatl drapes imbedded in the fleshy receptacle, or 
that tbey are more like capsules, and seem to bo 
a in the apple for instance, where the succulent 



clyii/fleihjoi 



I Flower of tho Chetrj; i pe- 
I the cavity 'it tbo recepUcis. 



The spurious fru: 
become hard and c 
they have only a thin wail, i 
luculi of tbe whole fruit, i 



portion is dertfed from the receptacle, and the core cansiats of the fruits en- 
closing the ieeds, wiiich are basal, generally two in each carpel. Stamens 
indeflnitd : no epioalyi. Bhrubs or tress with deciduous stipules. 

I. With stony fruits. 

In the genus Cotoneaster, the fruits project above the receptacle : in Cratic- 
gus, the Hawthorn, tbey are completely enclosed ; C. nxnacanlka, the Kfay, and 
C. numagyaa are common; other spe.'ies from the East and from North 
America are cultivated ; MespiluB, the Medlar, has a large fruit which is 
■urmonnted by the Bve large eepals- 

In. With oonaceoUB froita. 
Cydouia, the Quince, has numerous ovules on the ventral suture ol each 
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carpel ; the outer layers of oellB of the testa are macllaginoiis. Pyros has two 
basal ovules : P. eommunU and others are the Pear-trees ; the loculi of the 
sporioos fruit, seen in transverse section, are rounded towards the exterior ; the 
fruit is not hollowed at the base : P. Maltu and others are the Apple-trees ; the 
fruit is hollowed at the base, and the loculi, seen in transverse section, are 
pointed towards the exterior. Sorbus resembles the preceding genus; S. 
Aueuparia is the Mountain Ash or Bowan-tree. Amelanchier, the Service-tree 
of Canada, has only one ovule in each looulus. 

Order 2. Leguminosjb. Flowers nsnally mediaolj zjgomorphic, 
perigynons, pentamerons, with calyx and corolla: stamens ten or 
more : ovary of a single anterior carpel : ovules borne on the 
ventral suture : fruit a legume or a lomentum : flowers always 
lateral : leaves nearly always compound. 

Sub-order 1. PAPiLioMAOBis. Flowers zygomorphio, papilionaoeous. The 
five sepals, one being anterior, are usually connate, forming a tube above the 
insertion of the corolla and the androBcium : the five lobes are usually unequal 
and sometimes form two lips, the lower of three and the upper of two teeth : 
petals five, alternate with the sepals, imbricate, so that the anterior petals are 
overlapped by those behind them ; the posterior petal is much enlarged, and is 
called the vexillum (Fig. 247 A,fa); the two lateral petals, which are modi 
smaller, are termed the ala (Fig. 247 Atfl); the two anterior petals are oonnale 
or sometimes simply apposed, and form a hollow boat-shaped body, the ked, 
or carina (Fig. 247 A,t), In a few cases the corolla is entirely or partially 
suppressed ; thus in. Aoaorpha, only the vexillum is present. The ten rtnum* 

are either connate, forming a tube, or tibs 
posterior stamen may be free, so tbaft tibs 
tube consists of nine stamens, and Is iueti 
plete posteriorly (Fig. 247 A) ; rmaij Ifcs 
stamens are all free : they mostly curve in- 
wards, and diminiflh in length from in front 
backwards. The ovary, endoaed by Ifcs 
staminal tube, consists of a solitary 
carpel ; it is often divided into two 
by a spurious longitudinal septam, or ly 

transverse septa into several ohambera. Tks 

ala removed ; h oalyz i fa vexillum; -^.. . „^„ii„ . !««„«,« ^^ * ^^ .. .*— _ 

^ , . n nrLu ^u 11 inut IS usually a Icgumc Or a lomeutsB HIl 

yi ala; i carina. B With the corolla ^ . , a j ^^^^^ "^^ 

removed; r tube formed by the eta- ^^ ^h ^^^7 one-seeded and indpJMWi a 
memi; a^ the free stamen ; a anther; The fiowers are solitary and azillaiy, m m 
n stigma. racemes. The leaves are only rmi^y eate, 

usually palmately or pinnately compound, with often large stipules (F%. 8 Q. 

Tribe 1. Lotea. Leaves simple or compound: stamens 
monadelphous : legume unilocular, or bilocular in consequence of the 
of a spurious longitudinal dissepiment, usually dehiscent, many-i 
ledons leafy, epigaaal. 

In Ulex the Whin, Gorse or Furze, Genista the Green- weed, CytasoM 
amnus) the Broom, Ononis the Best-harrow, and Lupinus, the 




Fig. 247.— Flower of Lotus oomicu- 
latiM (somewhat mag.). A With one 
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momulelphoiis; In Genista the leaTes are dmple ; in Sarothamnns and Ononii 
the leaTet are temate ; in Ulex the leaTet are temate in seedlings, bat in 
matnre plants they are scaly or spinous ; in Lnpinns the leaTes are palmately 
oompoond. Cytiius Laburnum is a well-known flowering tree. 

In ICedicago, Melilotos, Trifoliom, and Lotos, the stamens are diadelphons 
and the leaves temate. Trifolinm is the OloYer: the stamens are partially 
adnate to the corolla; the withered corolla persists and encloses the smaU 
legnme : flowers in capitola ; T. praterue, the Bed CloTcr, T. repem, the White 
Glover, and hybridum, which are common in meadows, and T. ineamatum, from 
the East, are coltivated. Lotut eamieulatus, the Bird*s-loot Trefoil, with a 
beaked carina and spirally-woond legome, is common in meadows. Medicago 
has nsoaUy a spirally-wound legume, and a deciduous corolla; M.faleata and 
lupulina are common; M. iativa, Lucerne, is cultivated. Bielilotus has a 
globular legume ; M, alba and oJUinalis are common on the banks of the 
streams. Trigonella. 

Li Anthyllis, the Kidn^-Yetoh, the stamens are monadelphous, and the leaves 
imparipinnate. AnthylUt Vulneraria, Ladies* Fingers, is common in dry pas- 
tores. 

Li the remaining genera the leaves are imparipinnate and the stamens diadel* 
fdious. Indigo/era tinetoria, in the East Lidies, produces Indigo. Glycyrrhiza 
is the Liquorice. Golutea, t^ie Bladder Senna, has a swollen fruit : C. arbore$» 
eem and various species of Garsgana are cultivated as ornamental plants. 
Bobinia Pteudacaeia, the false Acacia, is a native of North America, but it 
has become naturalized. Amorpha frutico$a is a common shrub, from North 
America. Astragalus has a legume with a spurious longitudinal dissepiment : 
very many species of it occur, especially in the East. 

Tribe 2. Hedysarea, Leaves imparipinnate ; stamens diadelphous : fruit a 
lomentum, with transverse septa, dividing into segments. Gotyledons lealjr, 
epigsaL 

Hippocrepis and Goronilla are common in meadows ; OnobryehU tativa, the 
Sainfoin, is cultivated. AraehU hypogaa, the Earth-Almond or Ground Nut of 
tropical America, ripens its fruits in the earth. 

Tribe 8. VieUa, Stamens diadelphous: legume unilocular; cotyledons 
hypognal ; leaves paripinnate and usually cirrhose. 

Vieia Baiiva, the Vetch, and V, Faba, the Bean, are cultivated : other species 
oeeor wild. Pitum iaHvum and arveme, the Pea, are cultivated. Ervum lem, 
the Lentil, belongs to Southern Europe. Various species of Lathyrus and 
Orobus occur wild in woods ; L, odaratui and others are cultivated. 

Tribe 4. PhoieoUa. Stamens diadelphous : legume unilocular ; cotyledons 
osually epigsal, but not leafy: leaves usually imparipinnate, frequently ter- 



Phatiolui tmlgarU, the French Bean, and P. multiflorutt the Scarlet Bunner, 
are cultivated. Wistaria ehinentis is an ornamental climber. Physostigma is 
the Galabar Bean. 

Tribe 5. Dalbergiea. Stamens mono- or diadelphons : legume indehiscent ; 
cotyledons fleshy. 

Pterocarpua. DipUriM odarata, the Tonka Bean of South Amfri^a, contains 
oonmarin in the seed. 
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Triba 0. SopJuTim. fitMneiu ftU (ret. Bophora japoatea Mid Clodroilii 
lulea ue ornunentftl pIftnU. H7rox;loa. 

Bab-ordai S. CMtALraiaM. Flower iTgomoiphio, but not prnpOlonaoMtH 
(Fig. 318) : p«tkli imbrio&te, lo thst tha poaterior petal ig OTerUpped by thoM 
■cterior to it ; itrnmen* ten or leu, tree, more rarely eoDiutl« ; the legume ii 
beqaently dinded by tr»n(v«ne tepta, and ia indehucent ; flowera in pamde* 

OUdittehia MoeanthM and otlter apeciea u« ooltiT&ted loi oraament. CereU 
Hliqututnim, the Judaa-traa, hu ronnded leana. The wood of C^Mlpiitla 
bnuilientii U known u Pemunbuoo or BiksU wood. 

Sab-otder 8. KiuoMtm. Flowera utinomorphia, with TSlrate nitiTBtion: 
■tuneiu ten, nuely fewer, bequentlj very Dnmeiotu, free (Fig. 249), naiuLUy 





ns. Me.— Flower of a Cauls i Tta. HA.— Flower of ui 

t alyi ; e ootdIIb ; a (Uinant ; a* AncU (msg.) : li oalyi ; a 

lbecenlxalihort«ron«i/oTijy. toraUt; •* itamnu. with 

(on) uithen; n nigma. 

much longer than the perianth : legume aometimea divided by transTerae aepta. 
The flowera natially gronped in apikea or oapitula. 

Mimotapudiea.Oie Sensitive Fknt, has irritable iMTt*. Species of Acacia 
are nnmerouB in Atriea, Aaia, and Australia. In the AoatralioD apeoiei the 
leaves ore repreMntad by fiattened petioles (phyllodes) which are extended in the 
median plane. 

Order 3. CEABSULACEa. Formnla JCn, On,Aal + n ], ffn, where 
n — 3 — 30 : flowera perigynona, with two (rarely one) whorts of 
stamene: gynoMiiiun apocarpous, carpels opposite to the petals, 
with a scale (disc) behind the carpels: oTnles nmneroii^ mar- 
ginal: fruit a follicle; seed with eodoBperm : inflorescence nBoally 
cymose. Plants with entire fleshy leaves, arranged spirally, often 
ia rosettes. 

The genua Sedum has usually pentamerone flowers ; Sedvm acre, the Stone- 
crop, ia common on walla and rooks : S. maximum and others are oommon. 
The genus Semperrivmn has at least 6-merous flowera ; 5. ttctonat, the House- 
leek, and othw species, Eoheraria, Crassula, etc., are frequently eoltiTBted. 

Order 4. SaxifbaoaoejG. Flowers usually l-S-mennts, epigyn- 
ons or perigynooB : stamens mmally in twc whorls : carpels leas 
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Tisnallf connate below and free above : seed containing 
endoeperm. 

Tribe 1. Saxifragtas. Flonera perigjnonB oi epigynont, aotinomDrphio or 
ajgomorpMa : petals nith imbricate leBtiTBtion : too whorls of BtamanB, or 
only one (opposite to the sepals) : oarpelB aaually two, direrging above : in- 
floresoeaoe of laoemoae ajmea : Imit t, capsule : teavea alternate. 

The genus Baxilraga has a bilooolar ovai7, bat the flowei is otherwise peata- 
melons ; the raceptaole inTests the lower aonnat« portion of the OTarj. Many 
species oocor in moontainons districts, and in several of them there is a deposit 
□f oarbonate of lime on the marg in* □{ the leaves ; onlj a tew species, sncb as 
8. tridaetylitt* and granvlata, oaom in the plains; S. tarmmtoia is freqaentlj 
cultivated indoors. The genus Beigenia has a tree ovary (Fig. 250) ; B. bifoUa, 
from Siberia, is an ornamental plant. The genns ChtTsospleniiun has a tetra- 
merotu flower destitate of a oorolla; thej are small plants, somewhat re> 
■embling a Bnphorbia, ooonrring in damp plaoes. 





Vie. ISO.— LoDgltadliial BMtlon of ths ovoiy of Barsmla i g i^le ; * lUgniu ; p pluenUa 



Tribe 3. Panuuriea. Flowars perigynoua, aotinomorphio ; the five stamens 
opposite to the petals are tranetormed into glandular staminodea ; petals with 
imbricate nstivatiou : ovary 4-to(]iilar : ovules numeioas : fruit a looulimdal 
capsule : leaves alternate. 

Pamattia paltutrit has a whorl of radical leavea, and terminal and lateral 
pednnde*, each bearing a single flower andadnatetoabraoteole: it is frequently 
foand in damp localities. 

Tribe 8. Hydrangea. Flowers epigynons, aotinomorphio, nith two whorls of 
stamens : petals with valvate ffistivation : leaves opposite. 

Hydrangea horteiui* Is a well-known garden plant. The Infloresoeuoe is an 
nmbellate panicle, the marginal flowers of which (in onltivated plants all of 
tham) are tetramerons ; they have a very much enlarged calyx, and only the 
whorl of stamens opposite to the sepals ; they are sterile- 
Tribe i. Philadelfhta. Flowera epigynous, actinomorphio, i-G-merons : 




298 PiBT IT. — THI CLiflBinC&TlOIf OF PLAHTB. 

ttemeiu in two vhoili, or indafliiite : pttali with vuiooa ntttvation : Imtm 
opposite : limit & upiule. 

Philadtlphut coronaHtu (oftUed Bfringa or Hook Orange) bw flweetly-aeented 
flowen. DtitUia itabra, ertnata, and othen are cultiTated. 

Tribe S. Sibaiaeta, Flowers epigynou. aotiiioinorphie, pentameroiiB : 
atameni opposite to the lepalU; oarpala two: fniita ben?: lesTM icattered: 
palmate : lufloieMetiM noemose. Stunbo. 

Sereral apeoiM of Bib«8, tba Ctunuit, ate 
ooltiTated ; S. nibnnn ii the Bed Cniraut, It. 
irifnm the Black Currant, R. OrotnUaria the 
Qooaebetr; : iite ^ines of the last q)eoiea are 
developed (roin the pnlvlniu. 

Order 5. Dbobebacex. Floral fbrmiila 
Z5, 05, A&, QB or <S; flowers actino- 
morpHic, feiigyaOTiB or Iiypc^Tnooa: 
OToiy tmilocolar, ovules borne generallj 
Tm^" ji°cai ""!*! "^ parietal placenta, but they are some- 
oaroUai it (tuneiu, ii diH; p times basal. Herbs: leaves exstipnlate, 
"''"' with glandalar, hair-like appendages 

which serve to capture insects (see Fig. ?2). 

Drosembaia eooipioid inflorescenM home on a Bcape without hraatedea; 
the leaves are radical and are fringed, with glandular appendages, eaoh of which 
Is traverged by a flbro-vaecular btmdle. D. rotundifalia and irOermedia, the 
Snn-dewB, an fonnd on wet heaths. Aldrovanda vetwvloia is a Soating water- 
plant of Sonthem Europe ; its whorled leaves fold Qp when stitnnlated ; flowers 
■olitary, aiitlary. Dionaa miucipula, Tenus' Fly-trap, ooonrs in Korth America; 
it has leaves which likewise fold together when touched ; flowers with 10-30 
■tameos and basal omlea. 

Order 6. HufAUELiSES. Flowers freqncntlj diclinous and 
apetalona, perigjnons or nearly epigynons ; ovary nsoally bilocular: 
leaves stipulate. 



Order 1. Halobloiheji. Flower perigynoas or epigynons, usually 
tetramerons throughont; stamens in two whorls: sometimee the 
corolla or the whorl of stamens opposite to the petals ia wanting : 
seed containing endosperm. 

Trupa natam, the Water-Chestnnt, a not very oommon water-plant of central 
Europe, has a stem bearing a rosette of leaves which Soat on the snrfaoe of tha 
water ; in the axils of these leaves the flowers a re borne singly : their lormnU 
is K\, CI, At, O (1), and they are perigynons : the fmit is indehisoent, and the 
sepals remain adherent to it in the form of fonr home. 
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riophjilluni vertUUUtum aod ipicalum, the Water-Milfoilj, are aquati« 
1 with finely dividsd leaTM and amaU flonera borne aboTe tba water ia 

Order 8. HiPPtBiDEi. Flowers Bometiines aniseznal, bomo 
fiingly in the asila of tho whorlod leaves : the calyx ia indicated by 
a projecting rim on the ovary, and it invcats also a single anterior 
stamen : petals ; stamen I, ept- 
^ynons: the monomeroas ovary 
contains a single sospeni 
tropona ovule. 

Ilippurii tFUlgariM, the Moie's tail 
gTDWB in water and In damp places 
the stem projeets oat of tho water. 

Order 9. Calliteicbines. 
Aqoatic plants, with decussato, 
linear or ovate leaves, in the axils 
of which stand the solitary diclin' 
ons flowers which are destitute of 
a perianth ; the male flowers con- HiprvrU 
sist of a single stamen, the female (A""B«<'hi.) 

of a bilocnlar, sptiriongly qnadriloctilar, ovary, with four suspended 
OToIes the mic ropy lea of which are directed ont wards. 

Callitriehe vcma and others are either aubmergcd or they creep on raoddy 




BEBIES n. DiaCIFLOB£. 

Sepals free or coherent: petals in a single whorl : stamens nsnally 
definite, and hypogynous : a disc is osnally present : gyiwecinm 
ayncarpons or apocarpous. 

Cohort 1. SapindaleS. Flowers often nniaeinal : tho insertion 
of the stamens is varions: gynceciom asually ayncarpons. Usnally 

Order I. Sapindace*. Flowers nsnally obliqnely zygomorpbic, 
ia that the two petals of one rade are lai^or and of somewhat 
different form to the three others ; of these, one, which lies in the 
plane of symmetry, is sometimes wanting : three stamens aro 
naiully suppressed, so that the number is reduced to seven ; they 
are inserted within the disc ; the ovary is triloculare ovnles two in 
each locnlns : seeds without endosperm. 
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MtevHoM luta oppodta, palnwtel; oamponnd, exitipnlate leares : tlu flowen 
Mt in tBrminal loorpioid raMiUM : the fniit hu ■ locnlieidal detdseeiiM ; £, 
llippoeailatuun It &e Hone-CheitDot, deriTed Irom AiU. ^. eanua, £. 
I'avia, knd otbor ipecieB ue frequently cnltivtUd. A grett nnnibeT ol genen 
mnd apeciei grow in warm nlunatel ; tbej h&ve generaD; ■omttered piniwte leaTM. 
The fleih; Ernit of Sa^iadiu Saponarta make* a lather with water lika soap. 




mflrioar^m 

Order 2. Acebineji. FIowerH OHnally actmomorpHc : stamena 
eiglit, in coneeqaeace of the Bnppression of the two median anea, 
varioaalj inacrt^d; ovary bilocnlar; oynlas tyro in each locolna; 
when ripe the frait Bplita into tiro one-seeded winged mericarpe 
(samaras) (Fig. 255) ; leaves opposite, paJmately lobed, esatipnlate : 
flowera in terminal racemes, sometimeB in oorymba, with an apical 
flower : seeds withont endoHperm. 

The priDOipal Bpeaiea of Aoer, the Maple, are A. pieuAojilatamu, the Byoamon, 
having leaves with oreiiata margins, floverB in elongated pendoloaa raeemM. 
blooming aftor the unfolding of the leaveB, and parallel-winged fmits; J. 
platanoida, having leavei with serrate maiginB, flowoTB in Bhort ereat raoame) 
blooming before tbe nnfolding of the leaves, and fruits with widely diverging 
wiogB (even mora than In Fig. 356) ; A, campatn, the aommon Maple, whioh 
la Bometimei shinbby, with a trilobate leaf, abort erect raoemea of flowera whitb 
bloom after tbe unfolding of the leaves, and (raits with winga which are dia- 
metrioally opposite. Some North American Bpedea are often ooltivated, enohai 
A. rubmm, with five stamens opposite to tbe sepals; A. diMjrearpiHn, with the 
same number and position at the etamena, without anj ooroUs, and having 
ditsdons flowers 1 A. Ntgando, with pinnate leaves, and dimsions flowers like 
those of tbe preoeding speoies. Sogai is prepared from the up of A. nip-Ms 
and dat^carpttm espeoiall;. 

Order 3. Tebebinthacea (Anacabducbx). Flowera nsoallj 
aotinomoi-phio, and often diclinous: slamons usually inserted on 




the disc, but disc sometimea abaent : gyncecmm of bnfc few carpels ; 
sometimes one only is developed, the others being- represented by 
two or more stigmas : resin-dncta present : seeds without endosperm. 

VarionB species of Bhns are cnltivated as ornamental plants ; in RJiut cotiniis 
manif of the flovera are abortive, and tbe hair; pedoncles become much 
elongated ; R. coriaria (Southern Europe) is used iu 
tanning. Fiitacia viTa, in Southern Europe, beara 
ediblo froits ; in its Sower tbe petals aad tbe atamena 
which are opposite to them are auppresEed. 

Order 4. Staph TXEACEJi. Flowers actiro- 
morphic, pentamerons : stamens external to the 
disc ; OYules nnmeroas : leaves decnssate, pin- 
nate, stipulate: seeds with small endosperm. 

StaphyUa piittiata la grown in gardena. 

Cohort 2. Celastrales. Flowers actinomorphic, 4-6-merotifl; 
one whorl only of stamens, which either alternates with or is 
opposite to the petals, is usually present : disc usually within, 
Hometimea external to, the andrcecinm ; ovules usually erect : the 
seed nearly always contains endosperm. Trees or shnibs. 

Order 1. CELiSTRiNEi. Formula, STn, Cn, ^n + 0, G (n) or less, 
n-i or 5: sepals imbricate: stamens and carpels inserted on a 
flattened disc; stamens alternate with the petals: usually two ovules 
in each loculua of the ovary: leaves scattered, entire, stipulate. 

In the genaa Eaonjtnns, the 8pindle-tree, tlie loenlicidsil capsule ia inreBted 
by an orange-ooloored arillas ; E. etiTopttiu occurs both cultivated and wild. 

M Order 2. Bhaunes. Formula Kn, On, 
■| jiO + n, G^; n = 4 or5: calyx usually 

gamosepalona, valvate : petals usually 

small and often hood-shaped {Fig. 25? c), 

enclosing the stamens which are opposite 

to them : flowers sometimes diclinous ; 

usually a single ovnle in each loculus of 

the ovary, which is invested by a disc; p,o. »7.-FiowBr of Ed™-™ 

leaves usually scattered, entire, stiptilate: Fra-ngvUtmag.): k Bopaiscoa. 

frmt . drape or a o.psnle. ^-XTS'.S™ 

Bkamnui eaihartica, tbe Bneklhom, has op- " ' "^ 

posile leaves and thorny twigs: the berries of R. infecloriw. in South«n 

Europe, yield a green or yellow dye: R, Frangnla bna scattered leaves ; itt 

wood produces a particularly light charcoal. 
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Order 3. Ampelidejs. Formula same as in BhamnefB : sepals 
small; the corolla is often thrown off before it opens (Fig. 258 A^ c): 
a glandnlar disc between tbe androecinm and the gynoecinm : ovnles 
one or two in each locnlns : fmit baccate. Climbing plants, with 
palmate ezstipnlate or stipulate leaves. 

Vitii virUfera, the Giape-Yine, probably deriyed from the East, is cultivated 
in endless Tarieties ; other species, snch as F. vulpina and Labnuea, as also 
AmpelopHs hederaua, the Yixgima Creeper, are also frequently cultivated. The 
tendrils of the Vine (Fig. 15 A) are branches bearing scaly leaves in the axils 

of which other branches 
* arise : their peculiar posi- 

tion opposite to the f oliage- 
^^ leaves may be explained 

'I irMr^T) lift \nHy J/1 shoots are sympodia, and 
Jj VlT ^S-J^M/J each tendril is the ter- 
minal segment of a mem- 
ber of the sympodium; 
Fzo. 2S8.~Flower of VUiM vinifera, and diagram. A At the following member is a 
the moment of opening. B Open; h calyx; o corolla; d shoot springing from the 
glands { • stamens ; / ovary j n stigma (slightly mag.). ^^ of the foliage-leaf 

which is opposite to the tendril. Every third leaf has no tendril opposite to it, 
that is to say, the members of the sjmpodium bear alternately one or two 
leaves. The inflorescences occupy the same positions as the tendrils. Each 
leaf has also a bud in its axil, which either remains undeveloped or gives rise 
to a dwarf-shoot : from the axil of its cataphyllaiy leaf an ordinary shoot is 
developed. 

Cohort 3. Olacales. Flowers sometimes unisexual, 4{-5-(rarel7 
6-) merons, formula same as CelastrineaB : disc various or wanting. 

Order 1. Ilicinej! (Aquifoliac£J!). Disc wanting: one or two 
suspended ovules in each loculus of the ovary: stamens free, or 
adnate to the petals: petals often connate at the base: leaves 
scattered, ezstipulate. 

Ilex aquifoliumf the Holly, with its coriaceous, spinous, evergreen leaves, is 
common in plantations and woods : fruit a beny. The leaves known in com- 
merce as Paraguay tea are derived from I. ParaguayentU in South America. 

Order 2. Empetbej:. Disc wanting: ovules solitary, ascending: 
flowers dioecious, with three sepals, three petals, three stamens, 
and a 6-9-locular ovary: fruit of 6-9 drupes. They are shrubs 
resembling Heaths in appearance. 

Empetrum nigrum is a small shrub occurring in the north of Europe and in 
the Alps. 
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Cohort 4. Geraniales. Flowers nsaally pentamerona through- 
' out ; the carpels are opposite to the petals : ovary OBnally S-Iocnlar, 
with 1 or 2 suspended ovnles ; the micropyle is directed inwards : 
disc various or wanting: formula K5, C5, A5 + 5\ G®. 

Order 1. Geeuniacej;. Disc glandular: flowers asnally actino- 
inorphic : two ovolea in each locnlaa ; the ovary is prolonged into 
a beak (carpophore) (Fig. 259 A, a); 
the fmit is eepticidal from below np- 
wards, the separate carpels (cocci) 
rolling up (Fig. 259 B). Seed devoid 
of endosperm. Herbs ; leaves simple, 
stipalat«. 

Qeraftiam praUnit, lylvatieum, languintum. 
Hid coIumiinuBi, the Crane's-bills, are wild in 
Englimd; 0. Bobcrliamim, Herb-Itobect. k 
muveraallj distributed. Eroditim, the Btork'a- 
bill, has the 6 Btameoa wbich ore opposite to 
the petals tiansformed into staminodes ; E, 




gonimn, in man; Tarieties, ia a well-knowD 
garden plant : tlie Bowers are zygomorphic. 
and the posterior sepal ia provided with a spni 
which adheres to the pedicel. 

Order 2. Lines. Disc 0: fonnnla fio. Mo.-PrmtoiG, 

_,_ _, , „ , I , ^r , .. Before, B afwr dehiMsnoe i i p©- 

Kb, C5, AS,+ t 5, I (Q'S): flowers ac- di»i ; / locuii of u.b ovar? i . u» 
tjnomorphic, rarely all the whorls are b«k; n stigmmj b coiomn of tba 
tetramerouB: the whorl of stamens op- "'"■'"'Bl. 
posite to the petals is replaced by staminodia : each locnlns of the 
ovary contains two oynlea, and is often divided into two by a more 
or less complete false dissepiment : seeds nsnally contain endosperm : 
capsnle septicidal. Herbs or shmba ; leaves simple, entire, with or 
without stipules. 



Order 3. Ebttheoktle*. Flowers actinomorphic : petals five, 
with a lignlar appendage : stamens ten, connate at the base by 
means of a disc and forming a tube : ovary 2-3-locnlar, with one 
Kiispeuded anatropons ovule ia each loculus ; seed with endosperm. 

t The wood of most of the spesiea contains a red dje. The leaves at Ergthroxy- 



The wood of most of the spesiee contains a red dje. 
n Coca is shewed by the Peruiiana ai a atimolant. 
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Order 4. Ouusbx. Disc 0: Sowers actinomorphio ; formnla 
Kb, C5, A5 + 5, I O^i Btameas tea, oonnate at the haeib; those 
which are oppoaite to the sepals are the longest ; omless nnmeroiu; 
fmit a capsule or more rarely a berry : seed containing endosperm. 
Herbe, with compound, generally exatipnlate leaves (Fig. 71). 

Oxalii Aeetotella, the Wooil-Borrel, li fieqaent in woods ; it eontaina maoh 
potBBsimn oialite. Tho tQberoni roott oc ondBigTDiiiid Btami of lome American 
BpeoieB u O. ucaUnta, ertoMa, and Deppci oontain mooh modlage and are naed 

Order 5. Balsaminb*. Disc : flowers s^omorphic j formnla 
Kb, 05, ^ + I Q^: the posterior sep^ is spurred, Mid the two 
anterior are small or absent : the anterior petal is large ; ovary 
5-Iociilar; ovules nnmerons; the frnit is locnlioidal, tho valves 
separate elastically and roll upwards, bo that the seeds are pro- 
jected to some distance. Herbs, with simple exatipnlate leaves : 
seeds withont endosperm. 

Impatitni Noli-m«-tangart, the yellow '^Id BftJjam, oooors in damp and 
shady apota ; the ripe frnit fliee open with violenoe at a toooh, ImpaHem 
baltamina, an Indian apeoiea, ia onltivated. 

Order 6. Tkop«OLE«. Disc 0: flowers sygomorphic; formnla 
K5, C5, AA + 4i, G^: the posterior sepal is prolonged into a spnr ; 
the three inferior petals are clawed and ciliate : the two niedian 
stamens, one belonging to each whorl, are suppressed ; one oynle in 
each of the three locnli of the ovary : seeds withont endosperm. 
Herbs, leaves exatipnlate. 
Tropaolum nuyut and mtntu, known at Naatnrtiani, ate nniveraallyDnltiTBted. 
Order 7, ZTGOPHTijiB£. Disc fleshy : flowers aotinomorphic, 5 or 
4-meronB. Herbs or shrnbs with decnssate, generally imparipin- 
nate, stipnlate leaves : seeds with endosperm. 
Lignum Vita ia the wood ol Guiaevm offleitutl« (Weat Indiea). 

• Order 8. Butace^. Diso nsnally annular; 

flowers nsnally actinomorphic : gyncecium some- 
times partially apocarpous, but the styles are 
nsnally connate : seeds with or without endo- 
sperm. There are nnmerons oil-glands on the 
leaves and stems. 

Snb-order 1. Borax. The plaoentiB projeot into the 
Tia. sac— Diosnm of loODli of the ovaiy ; each beaia 3 or more ovnles : fmit ■ 
iha flower of DlcMmniu. locnlioidal capBule: seed with endoaperm. Butagraveo- 
Um, the Boe, baa pentamerone terminal fiowera, and tetiamerons lateral 
flowers. Dictammu FraxinelUt baa a ajgomorphio flower. 
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Sab-order 3. Diosuts. Ovules 3 in eaoli looalas: leaves simple: seeds 
wiOiout endosperm. 

Barosma, AgathoEnuk, Emplsainm. 

Sab-order 3. XiiiiQaiYi.EA, Flowers □aoally ditBuionB and poljgamonB: 
endosperm usuall; present. 

Xanrbaxylam /raxincuni, bom North Ameiioa, is a ahrab whiob is sometimes 
cultivated. 

Snb-orderl. Toddaliex. Gyntetdnmsjuoarpoas: froit indehisoent, winged, 
dry or inoenlent : seeds with endosperm. 

Ftelta tnfoliata IB a North Amerioan Hbinb with white flowers. 

Sub'Order 6. AdiUHTiut. Qynceoiom synoarpaus: oalyz gamosepaloos: 
■eeds without endosperm. 

The genns Citms has an indefinite nnmbei ol boodles of connate stamens 

(polyadelphous) {Fig. 261 A), produced by the branching of the five stamens 

which are opposite to the sepals ; the caiptls are usually more numerous than 

' the petals, and during ripening they become filled with a sucouleat tissue derived 
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form their walls ; the various parts of the flower and the fruit contain much 
ethereal oil : the leaves, which are typically pinnate, are reduced to their terminal 
leaflet, which is articulated to the winged petiole (Fig. 11 Q). 

Citnu vudUa, and Limonum, are Lemons : Cttnu valgani or Jurand'tun is 
the Orange, derived originaUy from tropical Asia. 

Order 9. Meliacej. Diso variooB: stamens monadelphoas ; tho 
filameuts have stipulate appendages ; no oil-glanda. 

Mahogany is the wood of SiBiettnia Mahagoni (America). The wood ol speciea 
of Cedrela is often erroneously termed " cedar-wood." 

Order 10. SnuARtBEX. Disc conspicuous : flowers actmomorphic, 
Bometimes diclinone : stamens often more nnmeroaa than the petals : 
gyncecinm Hometimes apocarpous: ovnle usually solitary in each 
locnlns : there are no oil-glands in the leaves, but the cortex and 
wood contain a bitter substance. 

Ailanthtu glanduUua, from China, is a tree vith multijngate pinnate leaves 
and a winged indehiscent fruit ; it is often cultivated. 
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Order 11. BnasEUCEX. Diso 11K11&II7 annular: flowen actino- 
morphic: gyncBcinm Bjncarpoos; ovaiy with two OTnlee in each 
locnloB: tliere are rcsin-passages in the bast. 

Bomtllia terrata (Eut Africa) jiieldi ObtMumm, a gnm-ndn ; BaUamodeadnm 
JfyrrftA TiabU the gnm-MHn IfTnb (Aiabia). 

SERIES m. TBAIrAHIFLOBS. 
Sepals Qsnally free : petals often uideGmt« : atamenB hypogynaaa. 

often indefinite: gyncecinm apocarpona or ^ncarpons. 

Cohort 1. Malvales. Flowers cyclic, generollj pentamerons, 

Kotinomor|iluc : cal^x often gamosepaloofl, with valTate nBtivation, 
corolla with nsoallj contorted 
nstiration ; atamens onginally in 
two whorls, generally branched 
and often connate: carpels five, 
often forming a mnltUocnlar 
ovary. 

Order 1. TiLUCXX. Sepals 
nsaally free. In the indigenous 
apeciefl the staminal whorl oppo- 
site to the sepals is snppressed; 
stamens branched, the separate 
branches of the filunent free or 
connate only at the base, opposite 
to the petals: anthers 2-locnUr, 
opening hy pores or valves : ovaiy 
5-Iocnlar, each locnlns containing 
two ovnles ; bnt the fmit is 
generally only one-seeded. Mostly 
trees or ghmbs: leaves alternate, 
stipulate. 

The 011I7 indigenona genu* ii TilU, 
the Lime-tree. It baa obliqM leares 
irith decidnou etipnlea; the anniul 
■hoots bave not a tenninal bod. The 

.— InfloTMrenpa of the Lime. TilU . . ' , 

:>biai>eh{l>r«tiol>iu>dumu7 'he pednDole is adnate to the lealj 
bud. Attached to tb* pedimcl* li Ilia bnut brset ; tbis is brought sbont in the tal- 
(ky kalTx; teoroTla! ituaaas/umy; lowing tnBDUer : in (he uil of tb« teaTet 
*■ fl"'™-f™» ("^ •!»)■ there i« imuUlj a bnd. together with sn 

hiflorescenee (Fig. 362); the bnet (Fig. 263 h) and the bnd-wale which ii 
opposite to it ue the first two leaTea of the uillai^ iboot which ia terminated 
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hy tbe ingoreBcenee. the peJunele o( which is aduate to the bmct foe b 
distance : the bnd is & wiater-liud developed in tlie axil of the above^ii: 
bud-scale. The inflorescence itself termina[«a in a Bower : other floveia aie 
bonta in the aiils of its tiro bracteoles, and other SowerB again maybe developed 
in the axits ol their bracteolcs, and bo on. T. grandifoUa, the Large-leaved 
Lime, has a few-flMMted inQaree«anfe, and leaves vhich are bright green and 
downy on the under snrfooe: T. pari'ifotia has an inflorescence which consists of 
a large number of flowers, and baa leaves which are bluish-green and pubescent 
with red hairs on (he under surface. T. inttnrudia ie the oommon Lime. In 
the American species the internal braiii:iieB ol the stamens are staminodia. 
Uorchorna, in the East Indies, yields Jute, which consials of the bast. fibres. 

Order 2. Stercdliacej;. Calys gamosepaloua : the atamena whicli 
are opposite to the petals aro nsually doubled or branched ; those 
which are opposite to the fiepals are staminodea or they are sup- 
pressed: anthers 2-locnlar : the corollft is aometiniea wanting. 

Theebromo Cacao ii a tree of tropical America, the seeds ot which oontain a 
nitrogenoDB Bubstance, ThiabromiiK, and a fixed oil; from tbea Chocolate i« 
prepared. 




Fib. Ua.—A Flower of irafea AJcm (nU. (Ue): l^csljn ecorullu; ic 


ODoau •UmoTK. 


Irilh U.B unihsrs ia)i « aHgmu. B Freil of AlOmi rM,a indoMd in , 




eplcmlyi, C The ™me afier tho remoTal of tbo ciilri. D A liogle locolu 




louglliHUiul uctloD ; necdj icrBdiole; •( «ot;lDdoD ot ttie embryo (mag.) 





Order 3. Malvacg£. Calyx URually gamoaepalons, frequently ic- 
Tcttted by an epicalyx ; tlie corolla is adnate at the base to tbu 
andpcBciimi ; the andrcecium is a long tube (Fig. 203 A «) consisti.iff 
of fire branched stamens which are oppofiitc tfl the sepals; each 
filament bears only half an anther, which is regnrded as a nnilocalar 
anther (Fig. 263 A a) -. ovary ninltilocnlar, splitting into cocci (Fig, 
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263(7/), with oBoally one ornle {d each coccns (Fig. 263 Dt) 
Under-sbmbs or herbs : leaves stipolAte and generally palmatel/ 
veined. 

Uklra, tbe Hallow, bsa •□ qricslri of three brmcteoles, Hibisent hu one ol 
nun; br«cl«ole*, and Altbsa. the Muih-mallow, bu one of 6-9 Irmcteoke; 
Aitk^a roita u tbe Holl;bock; lerenl epeeiea of Halva ue indigenoiu. If. 
fyJcfttru, Tolundi/olU, and wmchata. CoHypliui herbaectim in Egypt, G. 
arbortvm and nii; lonmi in tbe East Indiea, and G. ptrtmatan and fcimtiia 
in America jield Cotton, which eonaiiU ol tbe long bain on the testa. 

Cohort 2. Guttife rales. Flowers cyclic, actimomorphic, and 
generally pentamerons : sepals nsoally free, with imbricate leeti- 
vation: stamens nsnally indefinite in conseqneiice of branching: 
gyncecinm syncarpoas, ovary nni- or mnltilocolar. 

Order 1. HTPEEici-fEa. Formula, Kb, C5, JO + 5* GSotAO + 

3^, G'^. Sepals sometimes united at the base: stamenB five, 

branched, and therefore polyadelphona, superposed on the petals in 

consequence of the snppressioii of an oater whorl of stamens which 

• is indicated by staminodes in some foreign 

genera : ovary nni- or mnltilocnlar or many* 

chambered : capsule sepdcidal : ovules nn- 

merooB, anatropoos ; placenta parietal or 

axile : seed devoid of endosperm. Herbs or 

cnder-shmbe with decussate entire leaves, 

. ™ _ which are dotted over with translncent oil- 

Fie.lSl.— D,>«nu>io(HTitBrl- ,. , , 

glands; eistipnlate. 
Hijptrieum perforalvm, hirnfwn, and humi/unna (St. John's Worts) oMUt 
«ild in woods and meadows. 

Order 2. Eutines. Water-plants with entire leaves, opposite at 
in whorls : flowers actinomorphic, 4-6-merons ; formula K"n, Cn, Aa 
+ n, C^, solitary, withont hracteoles, borne in the axils of tlie 
foliage-leaves. 

£. kexoMdra and Bydivpiper (Waterwotts) ooeoi, bat not commonly, in 
England. 

Order 3. Tebnstikehucex. Perianth spiral; the calyx is not 
clearly distingnishable from the nnmerons bracts ; sttunens in- 
definite: ovary multiiocalar. Trees or shmbs with scattered, 
generally coriaceons, entire leaves, without stipnles. 

Camellia japonica is a favoniite ornamental shmb: Thea ehinentit, of wbidt 
the dried leaves are tea ; black and green tea are varieties reaultitig only from 
the mode ol dijing the leaf. 
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Order 4. Chjsiacej (GnniFEE*) . Trees or sbmba with diclinoua 
flowers. 

Order S. DiPTEROCiBFEa. Trees; leaves usually stipulate; the 
gamosepalona calyx enlarges very tnncli daring the ripening of the 

Dryobalanapi Camphora, a native of Somatra, jieldB the Borneo Camphor. 

Cohorts, CaryophyllinSQ. Flowers cyclic, actinomorphic, and 
generally petameroDB : calyx often gamosep&lons : stamens nsn&lly 
definite : ovary nnilocnlar, with basal placentte. 

Order 1. Cartophtllacb*. Flowers generally petamerous, with 
calyx and corolla, thongh the latter ia anppressed in some cases ; 
sepfJs distinct or coherent: stamens in two whorls, of which the 
inner is often wanting; ovary 2, 3, or S-meroos, nnilocnlar, or 
mnltilocnlar at the baae, with a central placenta or with a single 
basal OTole: fmit nsnally a capsule; leaves opposite, decussate: 
stems usually tnmid at the nodes. 

Tribe 1. Altinea. The corolla 
and the ionet wboil of Btomens 
are UBoall; present; the caiji is 
elentberoaepalons ; (rait a oap- 
sale; osnally no atipnles. 

Sagina. Arenaria, Alsine, Cer- 
astiiim, Stellaria, Spergula, Holo- 
■leom, and others, are Bmoll her- 
baceous plants with wlute petaK 
oecarring in meadows, on road- 
aideB.eta ; they are distingnished 
from each other prinoipally by 
the nnmber of carpels present 
and b; the mode of dehisceuee of 
the fruit. 

Tribe 3. Silenete. The corolls 
and the inner whorl of stamens »^- »«■- 

^sent: the ealyi U ^■'f''^ ?!/™-' JI P""™«^, "" **'"'»° "" 
. ™ .. calyi ana the corolla i ■ Uinlar apnendttBBi or 
; Btameiu 10, flla- „„,„ (Afwr Buch..) 
ments connate at bate : the fniit 
ie a capsule (in Cnonbalaa a beny) : tht. leaves have no atipoles ; the floral axis 
is often elongated between the oalyi and the corolla (Fig. 265 y) : the petals (as 
in Lychnis and Saponaria) often have lignlar appendages (Fig. 2SG x). 

The species of Dianthos, the Pint, which commonly oootu wild are D. dellaidei 
ttai Armiria ; D. CaryophylluM,ihe Carnation, and D. ehin«Tui< are well-known 
garden flowers : there are two styles and the calyi is anrroonded at its base by 
bracteoles. The genos Saponaria has two styles bnt no hracteoles ; 5. ojieinalit, 
Uu Soap-wort, oecors on the banks of riveis. The genni Bilene (Catohfly) ha* 




are always p 
gamosepaloni 
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three styles; S, inflata, nutans, and others, are common in meadows. The 
genus Lyohnis (Campion) has five styles ; the species vespertina and diunia are 
dioBoioos. Agrostemma Qithago^ the Corn- cockle, is common in fields. 

Trihe 8. Polycarpea, Leaves with scarious stipules: calyx elenthero- 
sepalons; the corolla is present, but the inner whorl of stamens is wanting: 
style 3-fld. This group includes the genus Polycarpon and others. 

Tribe 4. Paronychiea, Leaves with scarious stipules: sepals distinct or 
coherent: the corolla and the inner whorl of stamens are usually wanting : style 
usually bifid : ovary unilocular, with a single ovule. 

Scleranthus annum and perennit (Enawel), Hemiaria, Corrigiola, and niece- 
brum are small inconspicuous herbs. 

Order 2. PoRTULACACRfi. Calyx nsually of 2 sepals and corolla of 
5 petals ; stamens nsually 5, epipetalons ; ovary nsnally trimerons 
and nnilocnlar ; fruit a capsule. They are herbs with, alternate or 
opposite leaves ; the corolla is fugacious. 

Portulaoa oleraeea, the Purslane, from Southern Europe, and other species 
are cultivated as vegetables and as ornamental plants. Montia (Blinks) has a 
gamopetalous corolla, slit up one side ; it grows in ditches or in damp places. 

Order 3. TAMARisciNE-fi. Flowers actinomorphic, 4- or 5-merous, 
with one or two whorls of stamens: calyx gamosepalous : ovary 
usually trimerons, unilocular, with basal or parietal ovules : capsule 
loculicidal: seed without endosperm, having a crown of hairs: 
flowers in racemes or spikes. 

The genus Tamariz is indigenous in Southern Europe ; T, gallica has become 
naturalized in England. 

Cohort 4. Polygalinae. Flowers actinomorphic or zygo- 
morphic, usually pentamerous: sepals usually distinct: stamens 

definite: gyncecium 
usually of two car- 
pels ; ovary usually 
bilocular. 

Order 1. Polt- 
GALACEJi. Flowers 
zygomorphic ; the 
two lateral sepals 
conspicuously lar&re 

Pis. 266.— Flower of Poly gala grandifiora, A Seen from out- , -^ ° 

side after the removal of the wing-sepal. B Longitudinal ^^^ known aS 
section ; fc calyx ; k' wing ; o corolla ; s tube of stamens. (After ** wings " (Fiff . 266 

^ A?') ; petals three, 

the two lateral being absent ; the anterior petal is very large and 
carinate : stamens usually eight, forming a tube open posteriorly, 
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to which the corolla, or at leaat the anterior petal, is adnate (Fig. 
266) : carpels two, median, forming a biloonlar ovary, each loculus 
containing a single snapended OTtile : fmit nsnally a capsule. The 
flower somewhat resembles that of the Papilionacese, hut it must 
be borne in mind that here the two "aha " or wings belong to the 

Folygala wlgarii, arnara, and otheTE, ars heibs, voody at the base, occnrring 
in woods and meadoirB. 

Order 2. Pittosporej;. Flowers actinomorphic : stamenB five: 
ovules nnmerons, attached to the aanallj uncomiocted septa : leaves 
simple, exstipulate. 

Piltosporvn Tobira, undulatuni, craisifoUum, are ociiameatiil plants from 
AastTalia. 

Cohort 5. Parietales. Flowers cyclic, with calyx and corolla: 
sepals free: stamens definite or indefinite: gynrecinm of two or 
more carpels ; ovary unilocular or many-chambered : parietal 
placentation : seed with or without endosperm. 

Order 1. Papateb- ^ • 

ACE*. Flowers actino- 
morphic, K2, C2 + 2, 
Joe Off or (oc), or 
rarely with trimerons 
whorls : calys sepa- 
loid, corolla petaloid: 
the numerous whorls 
of stamens alternate; 
OF&ry of two lateral 
carpels (in Fig. 267 A 
they have been 
wrongly represented 
OB being median) or 
of more (Fig. 267 a), two- or more- chambered : o\-uIes nnmei-ous, 
attached f« the slightly infolded edges of the carpels: endosperm 
abundant, embryo small. The sepals commonly fall oS before the 
flower expands (Fig. '2<i7K). Plants with abundant milky juice. 

Fapaver. the Popp;, liaa a msn;.chambereil ovary ; the tniit ii a porous 
espaule (Fig. 160 Q). P. lonrnifenim ia cultiTated lot the sake ot the oil 
eontaineil in the seeds, and aa a medicinal plaat: P. lihaai ia eouunoQ in 
ootn&elda. Chelidomum majut, the CetaDdine, hia two carpels, a siliquoae truit 
ftnd orange -colonred milky juice. Eichicliolizia califomica is a oultivated 
plant ; it has a hollow receptacle, bo that ita Sioven are almost perigynooa. 




a QgDaaiam at papatrr. 



an-, n Bligmft- A DUgruq 
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Order 2. Fdhakuces. Flovrera usually sjgomorpluc Trith 
Uter&l symmetry : floral formula -> K2, 02 + 2, A2 + 2, CPS. 
The three whorls oF the perianth alternate ; one of the onter petals 
(rarely both) is famished nith a spur ; the two imier stamens are 
not in their normal position ; each of them is divided and the two 
halves are displaced towaids the enter stamens ; hence there ap- 
pear to be three stamens on each side, a central rate, with a perfect 
anther (the stamen of the outer whorl. Fig. 268 B a), and two 
lateral stamens, each with only half an anther (the halves of the 
stamensof the inner whorl; Fig. 268 Ba,a^. The fmit is siliqaose 
and many-eeeded, or one-seeded and indehiscent. Plants withont 
milky jnice. Seeds containing endosperm. 




Fia. MS.— A Flowar of Diriirfro jjjmlaMu ; oob of ths oaler petals Is romOTed ; • psdlnl; 
MChe DQter, eJUufimarpatiili; /UamsTiB. B The UirM Bt&mena ot oos alda, n«a from 
wltUD : / aismentg ; a the middle oomplcU nnthiiri a, a, the UMnl half anUien. C Ploirer. 
bod, with lh« Mpati, which aoon [all off, still odberiog (k) {oM. ■!»). DlagruD at Fami- 
tory. 

DUlytra (Dieentra) tptetaiilU is a favourite omMD«itaI plant ; both tlie 
onter petals atn spnired, the two innei petals are holloved at their apices, bo 
that they completely close the anthers. la Corydalit cava and $olida only one 
of the outer petals is spmred. the frnit is a two-Talved capgole with nnmeroas 
parietal seeds ; these Bpeeiea have a tuberous rootstook ; others, as C. bitta 
and aurea, have rhizomes. Fwnaria ogicinatit and others (FoniitoiieB) are 
^ eommon in fields ; the OTaries contain but few oroles, 

and of tbeee onl; one ripens to a seed ; fmit g1(d>0S6, 
indehisceot. 

Order 3. Crdciferi. Flowers nsnally ac- 
tinomorphio : floral foimnla K2 + 2, x i, 
A2 + 2», <^. The four petals form a whorl, 
alternating with the fonr sepals as if the 
m of the latter formed one whorl ; there are, however, 
three perianth-whorls, as in the two preced- 
; families; but whereas in them only the outermost whorl is 
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I Mpiiloiil, in this family the two onter whorls are sepaloiil, and the 
innermOBt, which, alone is petaloid, is a whorl consisting of four 
instead of two ni(imbers. The two oater stameaa are lateral, an 
in those families; the two inner onea, which in the Fnmariaceoa 
are divided, are here duplicate, having longer filaments (Fig. 2?0 
Bhb) than the onter ones (o) ; hence the Bower ia tetradijnavums. 
There are often minute glands at the base of the ovary (Fig. 270 
B d). The ovary consists of two carpels with the ovules in two 





<tt>'^' 



1 1 :©. 



,j^ 



s of vsrions Cracifersi. j 



iL ot Oi 



uidE* Dingtiunmatk 



I 
t 



guiUsDpUil Bllionlaof Ttalaspi. Elasi- 
ijimsYerae BeoUonot Iho preoeding! * 
G Jolnied illiqaa nf ttaf}ianat Bapiumi- 

K-H DiBgrBou of dl9erentl;-fr>LdHl smbrfOB. 

ityledonH, 

longitndinal rows on the adnate margins of the carpels ; these two 
parietal placentoB are connected by a membranoos growth which, 
■tB it is not formed of the margins of the carpels, must be regarded 
BB a spurious dissepiment (Figs. 270 D' E*, 160 G w). When 
the fruit opens, the pericarp splits into two valves corresponding 
to the carpels, leaving the placentn attached to the dissepiment 
forming the replum; the seeds remain attached to them for some 
time (Fig. 160 0). 

The flowers ara in racemes in whioh the bracts are supprosscd ; 
'hen the lower pedicels are loiter than the upper ones, the raceme 



814 PAST IV. — THE CLASSmOLTIOH OF PLAHT8. 



becomes a corymb, and then the lower flowers are nsnally zygomor- 
pbic, the petals turned towards the periphery being larger than 
those directed towards the axis of the inflorescence, as in Iberis. 

The form of the fruit is of importance in the snb-division of this 
order. In some genera it is much longer than it is broad, when it 
is termed a nliqua (Figs. 270 G, 160 C) ; in others, it is not much 
longer, or about as long as it is broad, when it is termed a silicula 
(Fig. 270 D and E). The latter is commonly somewhat com- 
pressed in one direction ; either parallel to the dissepiment, that is 
to say laterally (Fig. 219 E and JBr*), so that the dissepiment lies 
in the direction of the greatest diameter, when it is laUsqpial, or 
perpendicularly to the dissepiment, that is in the median plane, so 
that the dissepiment lies in the narrowest diameter, when it is 
angustiseptal (2> and D).* Fruits with only one or a few seeds, and 
which are indehiscent, are confined to only a few genera, such as 
Isatis (Fig. 270 F). So likewise is the jointed siliqua, which has 
transverse dissepiments between the seeds ; when they are ripe it 
divides transversely into segments, as in Baphanus (Fig. 270 G), 

The embryo is folded in the seed in various ways ; the radicle 
may lie in the same plane as one of flat cotyledons (Fig. 270 £*), 
when the cotyledons are said to be incumbent, Notorhizece (the dia- 
gram being Q II) > or the radicle may occupy the same position, the 
cotyledons being folded (Fig. 270 /), when the cotyledons are said 
to be incumbent and folded, Orthophcece (diagram of section O ^) > 
or, thirdly, the radicle may be lateral to the two cotyledons (Fig. 
270 H), when the cotyledons are said to be accumbent, Pleurorhizece 
(diagram O =) : more rarely the cotyledons are spirally rolled so 
that in a transverse section they are cut through twice, SpirohbecB 
(diagram Q II II) » or, Anally, they may be doubly folded, and be seen 
four times in a section, Diplocolobem (diagram O II 11 II ID* The 
seeds contain much fatty oil. 

Sub-order 1. Siliquobje. Fruit a siliqua, muoh longer than it is broad. 

Tribe 1. Arabidea. Q =. Cheiranthtu Cheiri, the Wall-flower; Matthiola 
annua and incana^ the Stock, are cultivated as garden plants. NMturtiwm 
officinale is the Water-cress. Barbarea vulgarU is the YeUow Booket. Carda- 
mine and Dentaria also belong to this tribe. 

Tribe 2. SisymhriecB, Q II* Sisymbrium officinale , the Hedge-Mustard, is 
common on rubbish heaps, and Erysimum on walls, etc. Hespexis is the Dame's 
Violet. 

Tribe 3. BrassieecB, O^* ^^ species and varieties of Brassica are much 
cultivated. Brassica oleracea is the Cabbage, with the following varieties; 
ucephala, Scotch kail, Cow-cabbage or Borecole; hullatat the Savoy cabbage: 



OEOUP IT. — PHANEEOOAMS. 3lS 

eapitata, the red ami white Cubbage ; gongylode* at eaulorapa, trith the aUm 
ewoUen at the base, is (lie Eohl'iabi ; botrytU, with connate fleshy peduncles and 
abortive floweni, is the Oaoliflower ; getaad/era, with nnmeronB lateral leal-bnds, 
known a« BniBsels Sptoati. Brat$iea rapa u the Tomlp, with bright green 
hispid leaves and flat corjtnbs of flowen ; Bratiica Napm, the Bape, has glabToos 
glaaooos leaves and long locemes of flowers, and is cnltivated for the salie of (he 
oil contained in the seeds ; both these species have fleshy underground stems. 
From B. rapa are derived the varieties camptitrU, the Bummer- Turnip, and 
oUifera, (he WiBter-Tomip, as well as rapi/era, with a fleshy root, the white 
Tnmip. From B. Naptu are derived the varieties annua, the Sommer-Bspe, and 
hiemalU, the Winter-Bape, which yield oil, and the variety Napobratiica, with 
an nodergninnd tbielcened ileni, the Swedish Toniip. Brauica nigra and 
SuiapM(or £.)i>Ua are the black and white Unstaid. To thi< tribe belongs also 
the genus Diplotaiis. 
Sob-order 3. 8iucmj)BS. Fruit a silicala. 

A. LatUepta, The dissepiment is in the longest diameter of the silieula. 
Tribe i. Alyninea. Q =■ Cocklearia offieinalit is the Soorvy-grass ; C, 

Armoracia, the Horse-radish, hat a thickened root. Alyiium calycinum and 
Draba venui, the Whitlow-grass (Fig. 270 E), are common weeds. 

Tribe S. Cameiiiua. Q II- ^o ^^^ ^^ belong Camelina (Oold-of-pleasore) 
and Babolaria, the Awl-wort, an aqoatic plant. 

B. AngiatUtpUt. The dissepiment is in the shortest diameter of the silicnla. 
Tribe 6. Ltpldirua. Q \\. Capitlla Buna Pastoru, the Bhepherd's Purse, 

is oommon, as also Tarions spedes of Senebiera and Lepidiom (Cresses). 

Tribe 7. Thlatpidia. Q =. Various species of Tblaspi, the Penny Cress, 
are eommoo. To this tribe belong also the British genera Iberia (Camly-tuTt), 
Teesdalia, and Hntchinsia. 

Bnb.order 3. Ndoumbmtiobx. Silieula indehiscent, few-seeded. 

Tribe 8. Itatidea. Iiatii tiutoria, tlieWoad,hascompresaadpendDloasfmitB 
which are nnilooDlar and one-seeded (Fig. 370 F) : 
it is nsad as a blue dye. 

Snb-order 4. Lohbntaobx. Fruit a siliqua or 
silieula, constricted into one-seeded s^jmenta 
(tomeniocnnu) (Fig. 370 Q). 

Tribe 9. Cakilinea. Bilioula two-j(unted. 
This tribe contains the genera Gakile, the Sea- 
Bocket, and Crambe, the Sea-Kale. 

Tribe 10. Raphatiea. Silieula more or leaa 
mouiliform. Raphanut $ativv> is the Badish; 
B. .SapbmfaerutR, (be Wild fiadisb or White 
CbsrloiA, is a common weed. 

. , . _ _, ,. Fio. Sn.— Flower of CqipoKi 

Order 4. CAPPARniEa!. Flowers actino- .p^,^ f^_ ,,„). , p^„i. ^ 
morphic; fommla K2 + 2, 0x4, A2 + 2' «irn « coroiisi ■ namens, / 
or cc, (?S or X : stamenfl only very °"W oa W Bjaophore. 
rarely 6 and tetradysamoiis : ovary borne on a special prolongation 
of the asU ^ynophore) (Fig. 271 '). Fmit a Biliqaa or a berry. 
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Tho flnwgi' bndi of Capparli tplnoia (rom Um •ontli <A Europe ftre knovn m 

OnW S. llv.n7.Dk.CtM. Flowers Eygomorpbic, sepals and petals 
8'H, ttio Utter laciniato: stamens nnmeroos: carpels S-d-connate, 
finininft a unilocular ovary, open at the apei, with nnmerons ovules ; 
HOc<l without oniloN[>orm : inflorOMCcnce a raceme, without bracteoles. 

Jtrifila luttola, ths Djer's we«J, li ueful u k ;ello« dja; R. odorata U 
Mignunotto, 

Order fl. Cihtinex. Flowers actinomorphic, nsnallypentamerous: 
tlie two external of the Ave lopala are generally smaller, and some- 
timtiH thoy nre absent: stamens nnmorous, probably in conseqnenco 
nf hrnnuliinff i carpels 3 or 5, forming a uni- or maltilocular ovary: 
ovnlos ortliotropons : seed with endosperm. Trees or shrubs with 
giiiiDnilly opponite stipulate leaves. 

Ciitif IniVinifcTUt, crtticia, and other ipociet, grow in the MQtb of Europe ; 
n bnluin] I* ilurived Iroiu thom. Uelinnthemuin vulgare, the Bock Boee, is an 
nnJur iliTub whlab growi wild on diy loili. 

Orilor 7. BiXACEX. The seed of Bixa orellarut, a native of 
Amurit^n, yicildn an orange-colourod dye known in comnieToa as 
Anniitto. 

Order 8. ViOLAniE*. Floral formula K5, 05, ^15, Q<^: flowers 
always borne laterally: ovules anatropons: fruit a loculioidal 
capsule (Fig. 272 0) : seed 
with endosperm. The in- 
digenous species have zy- 
gomorphio flowers ; the 
anterior inferior petal is 
prolonged into a hollow 
spur (Fig. 272 A o ») in 
which the nectar secreted 
by the spur-like append- 
' ages of the lower stamens 
'r^w'rr««Tpil7"onhVio"irpiiri|'/. coUecta (Fig. 272 Aft). 
i>iiiir-i.n>t|>i).i>pi>oiiaiig»«r ihaiowsr iiunatniiaii- The Bopals are produced 

Oior.. (After BmU.) » Blpo f rutt r * o.lyi. OAtlor , ,, / ,_. t,-,» 777 

Viola \» tliH Violot, Punsy, or Heart'i-eaiie ; many apeatei, as V. odnrata, tbe 
Bwool Violpl, have only an uDdert;ri>und etom wbioh bean oataphylluy leaTss, 
anil wliioh throw« up petiolate (olmgo-lpnTCi and braoteolata pedunoles, each 
bearing a BinBle flower: V. odorata has runner*, hut hirta and wUxaa have 
none. In othore, at V, eanlnn, the Dog-violet, tbe main item is above gtounJ 
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' knil bears the tolifige-leaves. In V. mirabiJii these two forma aie so corobincd 
thsit in the spring flowers are developed from the rbizooie which have laj^e blue 
petals, but nbicli are aliraja sterile ; it is not till lnt(<r that incouspicaona 
(deistogamoQB) flowers with mlDute petals appear ou the leafy stem Bud these 
only are fertile. Id V. tricolor and its allies, the stipules are leaf; and 

Order 9. SAEnACi:NiiCBi. Flowers actinomorphic, hennaplirodit*, 
with 15 or more stamens. 

The leaves o[ aanaceoiB and DarliDgtonia are adapted, by the paoaliar develop- 
lect of their Ismiun, tor the capture of insects. 

Cohort 6. Ranales. Flowers generally acyclic or hemicyclie ; 
perianth coasiBting of calyx only, or of calyx and corolla ; stamens 
usually indefinite : gynceciiua apocarpons, often rednced to a single 
monomerons ovary; very rarely polymerons and Byncarpoos. 
Seeds with or without endosperm. 

Order 1. KANUNcnLiCEj;. Perianth either consiBting of a petaloid 
oalyx, or of calyx and corolla, usually spiral : stamens Dumeroas, 
occnpying several tnrna of the spiral, or arranged in several alter- 
nating whorls, anthers bilocnlar, eitrorse (inti-orse in Actfea and 
Pteonia) ; ovaries numerous, spirally arranged ; rai'ely one only 
(Actiea). The ovules are disposed on the two margins of each 
carpel, that is, in two rows down the ventral suture ; in several 
genera the number of the ovules in each carpel is reduced to one, 
which then originates from either the upper or the lower end of the 
cavity of the ovary. Seeds with endosperm. They are almost all 
herbaceous plants, and ore either annuals or they have perennial 
rhizomes ; they have no stipules, but they have tunplexicaul leaves 
or petioles. 

Tnbo 1. Climatidea. Petals transformed into stamens : sepals petaloid. 
tritb valvate lestivation : OTaries nomerous. eooh containing a single suspended 
anatropons ovnlo. Climbiiig ci ctoeping shrubs with opposite leaveB. Fruit 
consists of a nmnber of achenes. 

CUvutfii Vitalba, the Old Man's Beard, is common in hedgfrs; it has a 
greenish- vf lute calyi. and fruits with long feathery styles: C. Viticilla, paten; 
and others, are cultivated »e decorative plants. Alragent alpina. occitrriog in 
the Alps and in Siberia, has Its external slameoE converted into petaloid slamt- 

Tribe 2. Anemonea. Petals tranafonned into stamena: sepals petaloid. with 
imbricate nstivation : ovaries DBnally nomeroas. each contaioing a single 
saspended ovule : Iroit consistB of a number of aohenes. 

Thalictrum; the species of this genus, as T.minui.Jlavum.axiia'jiiiieffifatiam, 
the Meadow-Bues, have stems well oovered with leaTSS, and flowera with hd 
itkconspicQOiiSi fugacious, 4-fi-leaved calyx, aiid a flat reeeptocte. Anemone 
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hu Ui hemiiplisrioal taoopUele (Fig. 27B .4 [}, tind n petkloid, ilBoall; 5-^ 
leatod nlfx. In miMt ol tbe apeciei tha nnilergrouad rhizome eloDgnt»i 
into ftn eroot MApv wliioh bean a aingle whorl of llirve leavoB lormiug an epi- 
OklfS btinealh tha tenniiial Bower. In A. nemoroia, ratiunailoidei, and others, 
thou leam reaembU the foliage-leavea and often bear Scvcra in theli axlli; 
but in A. PnlialiUa, and others, thpy diOer from tha foUaga-lenves in that thej 
art j^matiBd (Fig. ITS Ah); in A. Hipatlca, la which the soopcB apriog trom 
the axili ol eataph^llu? leaves, the three brnetnolo* are simple aaH lie so ctasel; 
nndoi tbe pctaloid eal;x that at Srat tbe? appear to be the calji ot the flower. 




Tribe 8. liintxneulea. Perianth oonalBting o( palj» and corolla ; gepals im- 
bricate: (mit nn aahene, with a ngnall}' MoetidiDg avale (snapended in Adonia 
find M.voaiims). 

RnniraDnlnB ; the nalyi consiRte of Ave aepalR and the eorolla of ftre pnala 
which alternate with the sepale and have a neatar; at their bsie ; the stninsna 
and oarpela are arranged apirally. 

The genua includes water-plantR with flnoly-diviiled leaves and whits Bowers, 
Bs R, aquatilit. Water DrDwloot,_rJuiifiiu, eto. ; and land or bog plants ubobUt | 
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with a yellow carolln, ks R. actr, the Buttercap, ripau, butbotiu, aod icthTatui 
(all known as Crowfoot), and Flammula (Lesser Spearwort) ; the; are alt more 
or lesE poUonooB. R. Fiearia {the Lesssr Celandiiie) has 3 sepals and nsaollT 
8 poUla. Slyoturat ntinimiu (Monae-tail) haa a very long cjlindricai raoeptacle ; 
the sepals are spurred, and the petals gradually paaH into the stamens. Adonis, 
the Pheasant's Eye, has completely acyctie flowers ; aepola 6, petals 8 oi more, 
not glandular at the base ; stamena and carpels indefinite, arranged in ^, order. 
A. aufumnii2u is the species which occurs in England. 

Tribe 1. HeUeboreit. Perianth generally consisting of calyx and aoroUa. the 
latter being occasionally suppressed ; tbe petals are glandotor at the base ; 
ovaries OEBaUy fewer in number than the leavea of the perianth ; avnles nnmer- 
OQB, borne on tbe Tentral antare; fmit naually consists of aevera! folliclea. 

{a) With octinomorphic flowers : 

Helleborna, with aojclic flowers ; sepals in ] anangement : the petals, which 
are small and tubular, in S oi' i*i ; stamens in ,', or ,', ; ovaries usually 3-5 
[Fig. 273 D). B. niger is tbe Christmas Bose ; H. viridii a.ad fortidui are not 
rare. Ni(^lla has S petaloid sepals and nsnally 3 (superposed if 5) small gland- 
ular petals. Trollins, the Globe-flower, has • 
5~l3 petaluid sepals, and a similar number of 
small petals which, like the stamens, are 
arranged spirally : T. turopaui occars in snb- 
alpine regions. Caltba, the Marsh -Marigold, 
has five yellow petaloid sepals but no corolla : 

C. paliulTii is common in damp places. Eran- 
this, tbe Wiuter Aconite, has small petals with 
long claws. Actiea baa a petaloid calyi and an 
alternating (sometimes suppressed) corolla ; it 
has a single carpel which becomes a baceate 
fruit; A. ipieata. tbe Baneberry or Herb 
Christopher, oeonra in woods. Aqoilegia, the Fio. Mi.— Diagram of Bower of 
Columbine, has a cyclic flower (Fig. 274) : it Aqnilagim. 

has five petaloid sepals, and petals with long spars ; A. vvlgarii, atrata, Akiei, 
and others occur wQd or are cultivated as decorative plants, 

(6) With zygomorphic flowers : 

Delphinium, the Larkspnr, has the posterior of the five petaloid sepaU pro- 
longed into a spnr : there are lypiooliy 5-6 petals, of which onlj the two (or lour) 
posterior arc developed, their spurs projecting into that oC the posterior sepal- 

D. Staphiiapria is poisonous; D. cotuotidii bus bnt one carpel ; D. Ajaeii is a 
common garden plant, with 1-6 carpels. In Aconitum, the Wolf a-bane or 
Monk'a-hood, the posterior of the 6 petaloid sepals is large and hooded ; the two 
posterior of the 8 petals have long claws and are covered by tbe posterior sepal, 
the olbsrs being inconapicnous (Fig- 273 E e]. 

Sub-order 4. Paonita. The perianth consiats of caljr and corolla, and the 
petala are not glandular : ovaries with unmeroua ovules, smrounded by a disc. 

In Fieonia. the Pnony, the calyx oonsista of 5 sepals which gradually paes 
into the fotiage-leaves ; the 5 or more petals are larger : tbe stamena are spir- 
ally arranged. P. o^lnalii, coralliiui, and otiiets are cultivated as decorative 
plants : V. iloutan has a woody stem and a tubular disc Fruit consists of 
several follicles. 




SSO Pin tr.— THE cussmcATKw or ruurrs. 

Order 2, KIaqnoluceji. Perianth cyclic, CMnnating nsnan^ erf 
three altemaling trimerons whorls, ona uf sepals and two of 
potalH : stameos and carpelii namerons, arranged spirally : seed 
containing endosperm. Woody trees or slirabe. 

Tribe 1. ilagnolU^. Caipela Teij niuneioiu on ma elon^led Qjltndriml 
MMpUole : flowen Inmted bj a ■palboid biaat ; Btipolw oonnata. JKayiuJia 
gniKd{lhra »ai other spedea, tai Liriod^wtnia tulipiftr* (Iba Tnlip-tree) from 
North Ajuanea, are omanMnlal Ii«m. 

Tribe 1. Illicit*. Carpel* in a aiinple vhorl on a flat no^ptaole (Fig. 138). 
lUieitim •nuatum, tha Star Aniaa, li a nativa ot China. 

Order 3. Caitcaxtiucu. Flowers aoyclio, pwigynoas. 
CcilycaatlhujIoridM it an onianwotal ihrib with brown aroniatio laatea. 
Order 4. Ntmfhjacu. Flowers nsnally aoyclio withont any 
sharp demarcation between the petals and the stamens ; pistil 
either apo- or syncarpons. Water-plants, generally with broad 
floating leaves. 

Tribe 1. Sgmp^xintt. Carpels oonnate, forming a poljineioaB ataltiloonlu 
ovar; which ma? be either inperior or interior. OTulea noorarona, plaeeutatioik 
aup«rBcial : seeds nnmeioiu, eontaiuing both endoeperm and pempenn. "Ibe 
ihiEome growB at the bottom oE the witer and throws ap l>ioad flat cordate 
leaves with long peliolea which float on the aiulaoe. The flower also leaohea 
the Boitace, boina on a long pedonole. 

KyiKfhaa alba, the white Watet-LiI;, has tour greoi aepala. a great niuaber 
ol white petals which, together with the Tery uiuueroni stamens, are arranged 
spirally, and a temi-inferior oTaiy. Nuphar luleum, the yellow Water-Iiil;, has 
a ealys. oonsiating ot STe gre«niBh-;ellow sepals ; the petals, whieh an smaller 
and yellow, ara nsoally 13 in nomber, and tonn a eontinaoos spiral with the 
indeSnite atantens ; the oiary is superior. Kieloria rtgia, a Braailian speeiee, 
has peltate leaves ol more than a yard in diameter. 

Tribe i. Helumbita. Ovariee uumerons, distinct, imbaddad in the fleshy 
teoeptaete : seeds soUtarj, withont endospenn. 
HelumbiuM ^teltMnm is the Lotos ol Egypt and Asia. 

^ Tribe 9. Cabombt<e. Flowsrs cyelie. Ovaries nn- 

merons, inonomerous, each with trom 9 to S ovules 
attached to the donal suture ol the carpel. Seeds con- 
taining endosperm and perisperm. The aubmeiged 
leaves are muoh divided, the Boating leavea peltate. 
America and the East Indies. 

Order5. Uesisferhacks. Flowers dioeoions, 

lio. »7s.-Di.grani ol cyclic i the whorla are oanally trimerons, and 

Boner ol nxur ol tiw the calyx, corolla, and andrcecinm haye at 

if«iisp«mKw. jg^j ^^.^ whoris each. Carpels nsnaUy S-&, 

distinct, one-seeded, but many-seeded in the sub-fiunily Lardi- 
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zalbesB. Thej are tropical climbing plants with herbaceous stems 
and palmate leaves. 

Order 6. Bebbebideje. Flowers hermaphrodite, cyclic, the calyx, 
corolla, and androecinm, each consisting of two di- or trimerous 
whorls. Ovary monomerons, with nnmerous marginal ovules. 
Fruit capsular or baccate. Seed with endosperm. 

Berherit vulgaris is the Barbeny ; its floral formula is £^8+8, (78+8, J8+ 8 
G-L ; the flowers are in pendent racemes, usually without terminal flowers ; when 
a terminal flower is present its formula is ir5 | C5 | ^5. Fruit an oval berry. 
The leaves of the ordinary shoots are transformed into spines (Fig. 12), in the 
axils of which are dwarf-shoots bearing the foliage-leaves and the infloresoenoes. 
Epimedium has a dimerous flower ; oalyx of 1-5 whorls ; petals spurred. 
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PABT L— THE MORPHOLOGY, ANATOMY. AND PHYSIOLOGY OP 

PLANTS. 



Absorption by roots 80 

„ of carbon .... 74 

Acctimbent cotyledons . . • • 314 

Achene 77 

Acids 77 

Acorn 206 

Acropetal deyelopment . . • . 2 

Actinomorpbic flowers .... 199 

Acyclic flowers 194 

Adventitious members . . • . 2, 16 

^cidiospores 137 

^cidinm 137 

Aerial roots 24 

Estivation 14 

Air-chambers 43, 87 

AlsB 294,311 

Albmninoos substances ... 76 

Albumam 56 

Aleurone-grains 32 

Alkaloids 77 

Alternation of generations . . 104 

Alominiam 74 

Amentum 214 

Ammooia 78 

Amoeboid movement . • • . 32 

Amphigastria 149 

Amplexicaul 11 

Anatomy of plants 25 

Anatropous ovules 173 

Androecium 171, 186 

Angle of divergence 4 

Annual plants 175 

„ rings 64 

„ shoots 17 

Annular bark 67 

„ vessels 48 

Annulus 153, 161, 167 

Anterior 198 

Anthela 214 

Anther 186 

Antheridium .... 103, 145, 156 
Antherozoid . . 103, 112. 145, 156 

Anthocyanin 37 

Antipodal cells 205 

Anez •••.•••* 1 

Apical ceil 67 

Apocarpous gynoecinm .... 189 

Apophysis 181 
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Apostrophe 101 

Apothecium 130, 182 

Apposition 28 

Archegonium . . 103, 145, 156, 177 

Arillus 175, 179, 301 

Arista 224 

Arrangement of leaves .... 8 

Ascidiam 14, 259 

Ascogonium 129, 134 

Ascospore 104, 128 

Ascus 128 

Asexual reproduction .... 103 

Ash of plants 73 

Asparagin 76 

Asymmetrical flowers .... 199 

Atropous ovules 173 

Autumn-wood 54 

Auxospores 115 

Awn 224 

Axil 3 

Axile placentation 193 

Axis 2 

Bacca 210 

Balsam 62 

Barium 74 

Bark 66 

Base 1 

Basidium 122, 137, 140 

Bast (phloem) 47 

Bastard 204 

Bast-fibres 50 

Beny 210 

Biennial plants 175 

Bifurcation • • 20 

Bilateral structure 92 

Biseriate perianth 184 

Blade 9 

Bleeding of plants 85 

Bloom on plants 63 

Bordered pits 42 

Bostrychoid dichotomy .... 21 

Bostiyx 218 

Bough 17 

Bract 16 

Bracteole 184 

Branch 17 

Branch-systems 20 

Bromine 78, 79 
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Bud 8 

Bad-scales 16 

Bulb 19 

Bulbil 17 

Bundle-sheath 58 

Calcium 73, 79 

„ carbonate 86 

„ oxalate 86,78 

Callus 70 

Calyptra 146 

Calyx 184 

Cambiform-tissue 50 

Cambium 47 

Campylotropous ovules . . . 178 

Canal-cells 145, 156 

Caoutchouc 61 

CapilUtium 127 

Capitulum 211 

Capsule 147,209 

Carbon 78 

Carbonic acid, absorption of . . 74 
„ „ evolution of . . 82 

Carina 294 

Carnivorous plants .... 78, 97 

Carpel 16, 171 

Carpogonium . . 118, 120, 122, 184 

Carpophore 206 

Carpospore 104, 111, 122 

Caruncle 254 

Caryopsis 208 

Catapbyllary leaves 15 

Catkin 214 

Caulicle 240 

Caullne bundles 47 

Caulome 1 

Cell, The 25 

Cell-division 87 

Cell-fusions 48 

Cell-sap 26 

Cell-wall 28 

Cells, common wall of ... . 41 

„ filaments of 41 

,, forms of 28 

„ masses of 41 

„ surfaces of 41 

Cellulose 28, 75 

Chalaza 172 

Chambered ovary 190 

Chemical action of light . . . 100 
„ processes in plants . . 72 

Chlorine 78,79 

Chlorophyll 88,74 

,, affected by cold . . 100 

Chlorophyll-corpuscles .... 83 

„ formation of . . . 100 

,, movement of . . . 101 

Chlorotic plants 78 

Cicatrix 8 

Cicinal dichotomy 21 

Cioinnus 214 
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CiUa 112 

Circinate vernation 14 

Circulation of protoplasm ... 81 

Claw 185 

Cleistogamous flowers .... 200 

Climbing-plants 18, 93 

Closed bundles 47 

Cobalt 74 

Coccus 206 

Cohesion 185 

Collateral arrangement of bundles 51 

Collenchyma 57 

CoUeters 65 

Colouring matter 77 

Columella 147 

Common bundles 46 

Complementary tissue . . . • 58 

Compound inflorescences . . . 212 

„ leaves 12 

Concentric arrangement of bun- 
dles 61 

Conceptacle 117 

Conduplicate vernation ..... 14 

Cone 180 

Conidium 103, 122 

Conjugation 104, 114 

Connate 11 

Connective 186 

Contorted vernation 14 

Copper • • 74 

Cork 65 

Conn 19 

Corolla 184 

Corpusculum 177 

Cortex 47, 67 

Cotyledon 16, 174 

Cross-fertilisation 200 

Crystalloids 32 

Crystals 36 

Cuneiform leaves • 12 

Cupule 206 

Cuticle 68 

Cuticularisation of cell- wall . . 30 

Cyathium 253 

Cycle 6 

Cyclic flowers 195 

Cyme 213 

Cymose branching 21 

„ inflorescences • . • . 213 

Cypsela 208 

Cystocarp 120 

Cystolith 86 

Decussate arrangement of leaves 5 

Deferred shoots ...... 16 

Degradation products .... 77 

Dehiscence of anthers • • • • 189 

Dehiscent fruits 208 

Dermatogen . , 69 

Development of cells • • • • 87 

Diadelphous stamens .... 188 
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Diagonal plane 198 

Diagram, floraJ 196 

Dichasiam 21, 202 

Dichogamy. ...•••• 201 

Dichotomy « . 20 

Diclinous flowers 175 

Didynamous stamens .... 188 

DifiFerentiation of tissues ... 69 

Dimorphism 202 

Dicecious plants 176 

Disc 194 

Displacement 197 

Dissected leaves 12 

Distichous arrangement ... 6 

Diurnal and nocturnal positions. 96 

Divergence 4 

Dormant buds 16 

Double flowers 188 

Drupe 209 

Dry solid of plants 78 

Duramen 56 

Dwarf-males 119 

Dwarf-shoots 17 

Ectoplasm 81 

Elaters 147,167 

Electricity 102 

Elementary constituents of the 

food of plants 72 

Eleutheropetalous corolla . . . 185 

Eleutherosepalous calyx . . . 185 
Embryo . . 104, 170, 174. 215, 240 

Embryo-sac 178, 204 

Emergences 24 

Empirical floral diagram . . . 196 

Enantioblastic 228 

Endooarp 207 

Endodermis 58 

Endogenous members .... 2 

Endoplasm 81 

Endosperm .... 169. 170, 173 

Endospore 147 

Entomophilous flowers . . . 200 

Epicalyx 186 

Epicarp 207 

Epicotyledonaiy portion of stem 174 

Epidermis 62 

Epigynous flower 192 

Epinasty 92 

Epipetalous stamens . • • . 188 

Epistrophe 101 

Erect ovule 194 

Erythrophyll 87 

Etiolated plants 91 

Eucyolic flowers 195 

Exogenous members .... 2 

Exospore 147 

External sheath 58 

Extine 171 

Extrorse anthers 189 

False dichotomy 22 
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Fascicle 214 

Fascicled leaves 17 

Fascicular cambium 52 

Fats 75 

FertiUsation 103,204 

Fibro-vascular bundles . • • . 45 

„ system . • . . 45 

Filament 186 

Floral diagram 196 

„ formula 197 

Flower 16, 171 

H opening and closing of . 194 

„ symmetry of 194 

Fluorine 74 

Foliage-leaves 15 

Follicle 208 

Food of plants 72 

Form of leaves 8 

„ „ stems 17 

„ „ tissue 43 

Fovea 170 

Free cell-formation 40 

Freezing, effects of 99 

Fruit 205 

Fundamental tissue . • • . 45, 57 

Funicle 172 

Gamopetalous 185 

Gamophyllous . ...••. 185 

Gamosepalous 185 

Gases, movements of ... . 86 

GemmiB 148 

General conditions of plant-life . 98 

Generations, alternation of . . 104 

G^etic spiral 6 

Geotropism 92, 102 

Germination .... 174, 215, 240 

Glands 65 

Glandular hairs 64 

Globoids 88 

Glomerule 214 

Glume 224 

Gonidium 188 

Grand period of growth ... 90 

Granulose 84 

Grape-sugar 87 

Gravitation, action of . • . 91, 102 

Green colour of plants .... 88 

Growing point 68, 89 

Growth 88 

„ in length 89 

„ „ thickness of cell-wall 29 
,, „ ,, of stem and 

roots 52 

„ of starch-grains ... 35 

„ superficial, of cell-wall . 28 

Guard-oells of stomata ... 63 

Gum 77 

Gum-resin-dncts 62 

Gynoecium 171,189 

Gynophore 315 
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Gynostemiom 237 

Hairs 24,64 

„ internal 43 

Hard bast 50 

Heart-wood 56 

Heat, action of 98 

„ production of 98 

„ radiation of 98 

Heliooid cyme 22, 213 

„ dichotomy 21 

Heliotropism 91 

Hemicydic flowers 195 

Hermaphrodite flowers .... 175 

Heteroecism 139 

Heteromerous lichen-thallas . . 134 

Heterostylism 202 

HUum 85, 172 

Homoiomeroas lichen-thallas . 183 

Hybrid 204 

Hydrogen 73, 78 

Hymenium 180 

Hypha 121 

Hypocotyledonary portion of stem 174 

Hypoderma 57 

Hypogynous flowers .... 191 

Hyponasty 92 

Hypsophyllary leaves .... 16 

Ice, formation of 99 

Indusiom 161, 166 

Inferior ovary 192 

Inflorescences 210 

Inorganic ash of plants ... 73 

Insertion of leaves 8 

Integuments 172 

Intercellular spaces . . . . , 43 
Interfascicular cambium ... 52 
Internal receptacles for secretions 60 

Internodes 2, 84 

Intine 171 

Introrse anthers 189 

Intussusception 28 

Inulin 87,75 

Involuoel 213 

Involucre 150, 212 

Iodine 73,79 

Iron 78, 78 

Irritability 95 

Isomerous whorls 195 

Knight's Machine 92 

Lamina 9 

Lateral plane 198 

Latex 60 

Laticiferous cells 60 

„ vessels 60 

Leaf 2, 8. 8 

„ minute structure of . . . 59 

Leaf-traces 46 

Leaflet 12 

Legume 208 

Leuticels 67 



PAGl 

Libriform fibres 5^ 

Light, action of 91, 100 

Lignification of cell- wall ... 80 

Ligule 10,186,224 

Limb. 185 

Loculicidal dehiscence . . • . 209 

Loculus 190 

Lodioule 223 

Lomentum 208 

Lysigenous development ... 60 
Macrosporangium . . 157, 164, 169 

Macroepore 103, 161, 164 

Magnesium 73, 79 

Male flowers 175 

„ reproductive cells .... 103 

Median plane 198 

Medulla 47 

Medullary rays 47, 55 

„ sheath 53 

Members 1 

Mericarp 206 

Meristem 44 

Mesocarp 207 

Mesophyll 10 

Metabolism 75 

Micropyle 172 

Microsporangium . . 156, 164, 169 
Microspore . 103, 157, 164, 169, 172 

Middle lamella 41 

Mid-rib 10 

Mineral matters in the cell-wall 31 
Mouocarpous plants .... 175 

Monceoious plants 175 

Monomerous ovary 190 

Monopodial branch-system . . 21 
Monosymmetrical flowers . . 199 

Mother-cell 37 

Motile organs 96 

Movement of water in the plant 83 
„ „ gases „ „ „ 86 

Mucilage, conversion of cell- wall 

into 80 

Multilocular ovary 191 

Mycelium 121 

Nectary 194 

Negative geotropism 92 

„ heliotropism .... 91 

Nitrogen 73, 78 

Node 3 

Nucellus of ovule 172 

NucleoU 81 

Nucleus of cell 81 

Nut 208 

Nutation 93 

Oohrea 9 

Oils 72,77 

Oogonium 103, 112, 127 

Oophore 105 

Oosphere 103 

Oospore 103 
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Opening and closing of flowers . 94 

Operculum 147 

Orthostichy 5 

Orthotropous ovule 172 

Ovary 172,189 

Ovule 172 

Oxygen 73, 74, 81 

PalesB 212,223 

Pallisade-parenchyma .... 59 

Panicle 214 

Pappus 278,279 

Paraphyses 130, 145 

Parasites 75,121 

Parastiehy 7 

Paratonic action of light . . 96, 101 

Parenchyma 44 

Parthenogenesis 104 

Pedicel 211 

Peduncle 184 

Peloric flowers 199 

Perianth 184 

Periblem 69 

Pericambium 51 

Pericarp 207 

PerichsBtinm 145 

Periderm 65 

Peridium 144 

Perigynium 145, 228 

Perigynous flower 192 

Periodic movements of organs . 96 
Periodicity of growth .... 89 

Perisperm 205 

Peristome 153 

Perithecium 130 

Permanent tissue 44 

Petal 184 

Petiole 9 

Phelloderm 66 

Phellogen 65 

Phloem 47 

Phosphorescence 83 

Phosphorus 78, 78 

PhototoDus 101 

Phylloclade 19 

Phyllode 9 

Phyllome 1 

Phyllotazis 8 

Pileus 143 

Pistil 189 

Pith 47 

Pitted vessels 80, 49 

Placenta 193 

Placentation 198 

Plane of symmetry 187 

Plasmodium 127 

Plastic substances 75 

Pleiomery 196 

Plerome 69 

Pleurofiiynous stigma .... 198 
Plumule 174 
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Podium 20 

Point of insertion 8 

Pollen, development of ... 88 

Pollen-grain 171 

PoUen-sao ...... 171,189 

PoUen-tube 104, 172, 189 

Pollination 200 

Pollinium 189 

Polyazial plants 210 

Polycarpous plants 175 

Polygamous plants 175 

Polymerous ovary 190 

Polypetalous corolla . • • . 185 

Polyphyllous perianth . • • . 185 

Polysepalous calyx 185 

Polysymmetrical flowers . . . 199 

Pome 205 

Porous capsule 209 

PositiYe geotropism 92 

„ heliotropism .... 91 

Posterior 198 

Potassium 73,78 

Prefoliation 14 

Prickle 24 

Primary cortex 57 

„ meristem 67 

„ root 174 

„ wood 48 

Primordial cell 27 

„ utricle 31 

Products of degradation ... 77 

Promycelium 137, 189 

Prophyllum 184,198 

Prosenohyma 44 

Protandrous 201 

Proteid-grains 38 

ProthaUium 155,177 

Protogynous 201 

Protonema 144 

Protoplasm 81 

Pseudaxis 20 

Pseudopodium 152 

Pulvinus 17 

Punctum vegetationis .... 68 

Pyenidium 180 

Pyxidium 209 

Baceme 211 

Bacemose branching .... 21 

„ inflorescence . • . 211 

Badide 174 

Baphe 178 

Baphides 86 

Beceptade 150, 161, 184 

Begidar flowers 199 

Bejuvenesoence of cells ... 40 

Beplum 208 

Beproduction 102 

Beserve-materials 76 

Besin-ducts 68 

Bespiration .•••'•• 81 
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Betardation of growth by light . 91 

BeTolving nutation 93 

Bhisome 19 

Bootoap 83,68 

Boot-hairs 80 

Bootpressore 85 

Boot, stmotore of 31 

Boots 1, 83 

Bostellnm 903 

Botation of protoplasm ... 31 

Samara 906 

Saprophytes 75. 121 

Soalariform vessels . • • • 30, 48 

Sealy leaves 15 

Scape 911 

Schizooarp 906 

SohizogenoQs development . . 60 

Solerenchyma 44, 59 

Solerotium 139 

Soorpioid oyme 99, 914 

Seorpioid dichotomy • . • . 91 

Scntellom 916 

Secondary cortex 57 

„ wood 53 

Seed 104, 170, 205 

Segmentation of apical eell . . 68 

Self-fertilisation 200 

Septicidal dehiscence .... 209 
Septifragal dehiscence .... 209 

Seta 147 

Sexual reproduction .... 103 

Sheath 9 

Shoot 2 

Sieve-tubes 42, 49 

Silicon 73, 79 

SiUcula 208 

SiUqua 208 

Simultaneous whorls .... 2 

Soboles 17 

Soft bast 50 

Soredium 134 

Sorosis 206 

Sorus 160 

Spadix 211 

Spathe 211 

Spermatia 129 

Spermogonium 130 

Spike 211 

Spikelet 211 

Spine 14 

Spiral arrangement .... 6, 194 

„ vessels 30,48 

Spontaneous movements ... 96 

Sporangium 125, 161 

Spore 103 

Sporidia 137, 189 

Sporogonium ...... 105, 146 

Sporophore 105 

Spur 186 

Spurious fruit ....... 205 
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Spurious tissaa 41 

„ whorl 4 

Stamen 171, 186 

Staminode 188 

Starch 34,74 

Stem 16 

Sterigma 130 

Stigma 192 

Stigmatio cells 145 

Stipule 9 

Stolon 17 

Stomata 63 

Stratification of cell-wall ... 30 
Striation of cell- wall .... 30 

Stroma 131 

Style 199 

Stylospore 103,130 

Successional whorls 9 

Sncoolent fruits 909 

Superior ovary 191 

Superposed members . • • . 195 

Suspensor • • . 173 

Syconus 906 

Symmetry of flowers 194 

Sympodium • • 90 

Syncarpous gynoeoinm .... 189 

SynergidiB 905 

Syngenesious anthers .... 188 

Tap-root 93 

Teleutospore 103,138 

Temperature 98 

Tendril 18,93 

Testa 170,240 

Tetraspore 103, 121 

Thallome 1 

Thallus 1,24 

Thorn 19 

Tissues, forms and sjstems of • 43 

Torsion 94 

Trachea 48 

Tracheldes 54 

Transpiration 84 

Trichogyne 134,119,120 

Trichome 1, 94 

Tuber 19 

Tilllen 42 

Turgidity 88 

Twining of climbing-stems . • 93 

„ tendrils 98 

Umbel 919 

Unilocular ovary 190 

Uredospores ..... 103,138 

Utrioulus 998 

Vacuole • . 96 

Vegetative reproduction • • • 109 

Velum 148 

Venation • • • 10 

Vernation ....••». 14 
Versatile anthers ..•••• 186 
Vertioillaster ...•••• 914 



INDEX. 



329 



FA ox 

Vessels •.....••• 48 

VexiUnm 294 

Vittae 286 

Water, movements of ... . 83 

Wax 63 

Whorl 4,196 



7A6S 

Wood 47 

Xylem 47 

Zoospore 103, 111, 122 

Zygomorphio flowers 199 

Zygospore 104, 111, 125 



PABT n.— THE CLASSIFICATION AND NOMENCLATURE OF 

PLANTS. 



Abele 253 

Abies 181 

AbietineiB 180 

Acacia 296 

AcanthacesB 244,268 

Acanthus 268 

Acer 300 

Acerines 246, 300 

Achillea 282 

Achimenes 268 

Aohlya 39 

Aconitom 319 

Acorns 220 

Acrocarpous mosses 154 

AerogynsB 151 

Acrostiches 162 

Aetsa 319 

Adiantnm 162 

Adonis 319 

Adoxa 284 

^cidiom 139 

£gopodiam 286 

^Bcoliis 300 

^thalium 127 

^thnsa 286 

Agaricins 143 

Agaricos 143 

Agathosma 305 

Agave 239 

Agrimonia 293 

Agrostemma 310 

AgrostideiB 226 

Agrostis 226 

Aigeiros 253 

AilanthoB 305 

Aira 226 

Aizoaoes 245,288 

Ajnga 266 

Alohemilla 292 

Alder 251 

Aldrovanda 298 

Algs Ill 

Alisma 229 

AlismaoeflB 218,229 

Alismales 218,229 

AlUom 231 

Almond 292 

Alnos 251 



FAOS 

Aloe 231 

Alopecnrus 225 

Alpine Bose 276 

Alpinia 236 

Alsine 309 

AMneffi 309 

Alsophila 163 

Alstroemeria 239 

Althaea 308 

Alyssom . \ 315 

Amanita 143 

AmarantaceflB 244,257 

Amarantns 257 

AmaryllideflB 218,239 

Amaryllis 239 

Amentales 244, 250 

AmmineaB 286 

Amomales 218, 235 

Amorpha 295 

AmpelideflB 246, 302 

Ampelopsis 802 

AmygdiJeflB 292 

Amygdalus 292 

AnacardiacesB 246,300 

AnacrogynsB 151 

Anagallis 275 

Ananassa 235 

Anaptychia 135 

AndresBa 152 

AndropogonesB 225 

Anemone 317 

AnemonesB 317 

Anethom 287 

Aneora 151 

Angelica 286 

Angelices 286 

Angiocarpous Lichens .... 184 

Angiopteris 168 

AngiospermsB 175, 184 

AngostiseptiB 315 

Annatto 316 

Anthemis 281 

Anthooeros 149 

AnthocerotesB 149 

Anthoxanthom .••••. 225 

Anthriscas 287 

Anthyllis 295 

Antiaris 248 



Autiirhmom . . 

Apiom .... 

Apoojnea . . . 

Apricot .... 
AqaifoliiLceiB . . 
Aqnilegia . . . 
Arabiden . . . 

Aiftliaoeffi . . . 

Arancoria ■ . • 

Arauoariaceffi . . 

Arbutus . . . ■ 

ArehangeliDa . . 

AjrohidimQ ■ . 
Aiotium .... 
ArctoBtaphyloa 

Arenaria . . . 

Aiistoloehia . . 

Ariitoloobien . . 

Armeria. . ■ • 

Arrow-graBB . . 
Anov-bead. . . 
Arrow- root . ■ • 
Artemisia • • . 
Aiticboke . . . 
Artificial ^atema 

Artoooipns 2 

Asarabacca 2 

Asaralefl 241,2 

Asanim 2 

ABolepiadem 24S, 2 

Aadepias 2 

Aacobolne 1 

AscomjceteB 1 

ABh 2 

AEparaginen 2 

AsparaguB 2 

AapergiUna. ....... 1 

AsperifolilB 21S,2 

Aspidium 1 

Asplenlum 1 

Aster 2 

AateraleB 246,2 

Asteroides 2 

AatragalDS 2 

Aatrantia 2 

AtrsgeuB S 

AUropa 2 



Anonba 287 

Avena 236 

AveoacMB 236 

Aveni 2SS 

Azalea 276 

Baoillna 124 

Baoterinm 134 ' 

BiEoiD;<ieB 1B6 

B^uiophora 264 

BalaDopboruB 244, 2S4 

BaUota 26S 

Balm 265 

Baleamineo 346, 304 

BaleamodendroD 806 

BamboSH 223 

Bananft 23fi 

Baneberry S19 

Barbatea ""81* 

Barberry 821 

Barbula 164 

Barley 927 

Barosma ,,...... BOS 

Bartaia 269 

Baflidiomycetes ...... 1*0 

Bawl . 265 

Baatard Toad-flax 263 

Batatas 989 

BatraohOBpfimiiui ..... 130 

Bean 298 

Bearbony 276 

BedBtraw 988 

Beech 261 

Beet 267 

Begonia 269 

Begoniaoes ..... 345, 268 

BalUs 2B1 

Bent-graM 836 

Berberidacen 246, S21 

Berberie 831 

Bergenia 997 

BertholletU 291 

Beta 267 

Betnla 2G1 

Betulacen 244, 261 

Bidena 383 

Bignoniaoes 244, 268 

BUberry 277 

Bindweed 369 

Biota 188 

Biroh 251 

Bird-cherry 993 

Bird'B-Ioot Trefoil 99S 

Bird'a-nest 276 

Bitter-Bweet 271 

Biia 818 

Biiaeen 346, 816 

BlaokbeiTy 993 

Black Bryony 834 

Blacktbom 392 
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PAOB 

Blechnmu 162 

Blinks 310 

Blitum 267 

Blue-bottle 282 

Bog-mosses 151 

Bog-myrtle 252 

Bog-rush 227 

Bohmeria 248 

Boletus 143 

Boraginead 245, 271 

BoraginoidesB 272 

Borago 272 

Borneo Camphor 309 

Boswellia 806 

Botrychium • 164 

Botiydiaceffi . 116 

Boti^dium 116 

Box 254 

Brachypodium 227 

Brachythecium 155 

Brassica 314 

Brassicead 314 

Bread-fruit 248 

Briza 226 

BromeliacesB 235 

Bromus 226 

Broom 294 

Brown Bape 269 

Broussonetia 248 

Bryinad 153 

Bryonia 289 

Buokbean 272 

Buckthorn 301 

Buck-wheat 259 

BueUia 136 

Bugle 266 

Bugloss 272 

Bulgaria 133 

Bullace 292 

Bukush 222, 227 

Bupleurum 286 

Burdock 282 

Bur-reed 222 

BurseraceaB 246,306 

Butcher*s-broom 233 

Butomaceas 218, 230 

Butomus 230 

Butter-bur 280 

Butter-cup 319 

Butter-wort 269 

BuzineaB 254 

BuxuB 254 

Cabbage 314 

CabombesD 320 

Cactead 245,287 

CsDoma 140 

CflBsalpinia 296 

CadsalpiniesB 296 

Cakile 315 

Cakilinc89 315 



Calabar Bean 295 

Calamagrostis 226 

Calamintha 265 

Calamus 223 

Calceolaria 267 

CaliciesB 136 

Calla 221 

Callistemon 290 

Callistephus 281 

Callithamnion 121 

Callitriche 299 

CallitrichinesB 245, 299 

Calluna 276 

Calosphseria 131 

Calothamnus 290 

Caltha 319 

CalycanthacesB .... 246,320 

Galyoanthus 320 

CalyciflorflB. . . . ; . 245,284 

Calyptospora 140 

Calystegia 269 

Camelina 315 

CamelinesD 315 

Camellia 808 

Campanula • . . . 277 

Campanulac689 .... 245, 277 

Campanales 245, 277 

Campion 310 

Camp^lospermeao 287 

Candy-tuft 315 

Canna 236 

CannabinesB 244, 248 

Cannabis 248 

Cannaceas 218, 236 

Cantharellus 143 

Capers 316 

CapparidesB 246, 315 

Capparis 316 

CaprifoliacesB 245, 283 

Gapsella 315 

Capsicum 271 

Garagana 295 

Cardamine 314 

Garduus 282 

Carex 228 

Carica 288 

CaricesD 228 

Garlina 282 

Carline Thistle 282 

Carludovica 222 

Carnation 309 

Carpinus 260 

CarposporesB Ill 

Carrageen moss 121 

Carrot 287 

Carthamus 282 

Carum 286 

Carya 259 

CaryophyllacesD .... 246, 309 
CaryophyllinsB .... 246,309 



CuyophTllo* 3 

CMajths S 

OutUM S 

Cutor-oll plut i 

CanuriDMi Sit, 2 

CftUlpk a 

Oatehflr B 

Oat-mint 3 

Cftt'i'tail-gTUB 9 

Ckuoalinete S 

Cftuoklia S 

OftDleipa 1 

Cedar 1 

Oedrfla S 

CedTDS 1 

C«laiiiliiie S 

Celutrales . . '. '. '. '. '346,3 

CelMtrinen 346, B 

C«lei7 . 2 

Celoaia 2 

Celtis 2 

Cembra I 

Centaarea 2 

Centaury 3 

Contrantbas 3 

Ceutrolepideo 3 

CppliatUs 2 

Cephnlanthoia 3 

Cenunium 1 

CeraBtiun S 

Ceratodon 1 

C<irBloph;U«» 311, 2 

CeialophyUum 2 

Cercta 2 

Cereai 2 

Cetraria 1 

Chnropbjllnm 2 

Cbamnajparia 1 

Chamndorea S 

CbamBiopt 2 

CbamonulB 2 

Obaca I 

CbanMan 113,1 

Obarlook 8 

Cbeirautbna t 

Cbelidouiam S 

CbenQpodiaoen .... 344, 3 

Cbenopodialei 241.2 

CbGDOpodium 2 

Cherry 2 

Cherrj-laiuel 9 

CheetDat 3 

Cbiooi; 2 

Chiyea 2 

Chloridoa 2 

Choiidmi I 

ChriBtnuts Bom 8 

Cbroocnooua 1 

CbioolepuB 116, I 



Chrriantbemnm 2S1 

Chr7<oiii;xa 140 

CbryBoaplenlom 397 

Chytridiacea 13S, 136 

Cibotiam 163 

Oicboriacea 2S3 

Cioborium ■ 383 

Cicuta 28S 

Cinchona 388 

Cinuftmomum 269 

Otroaa 390 

CirBioiD 363 

Ciatinen 346, 81S 

Ciatne 319 

CitraUm 239 

Citfoa SOS 

CUdonia 135 

Cladopbont US 

CladrastiB 396 

Clauifioation of Planta .... 106 

of ThaUophytea . 110 

„ of MOBBM . . . Ill 

„ of Vasaulac Crjp- 

ti'gams. ■ ■ ■ 165 
„ o( PhttiierogaiBB 107, 17S 

„ of GymnoBporma . 177 
„ of A-ugioBpecois 107, 176 

„ of MocoootjlodonB 218 

of Diootyledona . 811 

Clavaria 113 

Clavaiies 143 

Claviuepa 131 

Clematidea 817 

ClemaUB 817 

Clinopoditim 2«S 

Cliaanthen 325 

CloBlerinm Ill 

Clover 205 

Olab-msh 337 

CloNUMa 316, 809 

Coo* 803 

Cooblearia BIS 

Cook's-foot-graaB 32S 

Cock's-mmb 957 

Coooa-nnt 833 

Coooa 933 

CceloBpermen 987 

Coffea 9SS 

CoSeaoen 933 

Cohort 108 

Colobloen 383 

ColohiDum 933 

ColeoohiBten 118, 119 

ColeaaporiniD 140 

Coloaa 3S5 

Collema 131 

Colooaaia 331 

Colt's-toot 980 

Columbine 319 

Colomneft 968 
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TA.QH 

Golutea 296 

Commelyna 230 

CommelynacesB .... 218, 230 

Commelynales 218, 230 

Gompositad 245, 279 

Gonlervead 115 

GonifersB 177,179 

Gonjugatffi 112, 114 

Gonium 287 

Gonvallaria 233 

Gonvolvulacead .... 245, 269 

Gonvolvulus 269 

Goprinas 143 

Gorallina 121 

Gorallorhiza 238 

Gorchorus 307 

Gordyceps 132 

Goriandrum 287 

Gormophytes 108 

GornaceflB 287 

Gom-cockle 310 

Gomel 287 

Gornus 287 

GoroniUa 295 

Gorrigiola 310 

Gorticium 142 

Gorydalis 312 

Gorylac689 244, 260 

Gorylus 260 

Gosmarium 114 

Gotoneaster 293 

Gotton 308 

Gotton-grass 227 

GowBlip 275 

Grambe 315 

Granberry 277 

Grane's-bill 303 

Grassola 296 

GrassolaoeiB 245, 296 

GratflBgus 293 

Grepis 282 

Gress 315 

Grocus 240 

Grown Imperifd 231 

Gruoibulum 144 

Gruciferffi 246, 312 

Gnistaceous Lichens .... 136 

Gryptogams 106 

Gryptomeria 182 

Gnckoo-pint 221 

Gaoubalus 309 

Gacnmis 289 

Guourbita 289 

Gucurbitaceffi 245, 289 

Gunninghamia 182 

Guphea 290 

GupressinesB 182 

Gupressus 183 

GupulifersB 244, 260 

Gurare 272 
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Gurcuma 236 

Gurrant 298 

Guseuta 269 

GuscutesB 245,269 

Gut-grass 226 

Gyathea 163 

GyatheaoesB 163 

Gyathus 144 

GyoadeaB 177, 178 

Gycas 178 

Gyolamen 275 

GyclanthesB 218,221 

Gydonia 293 

Gynara 282 

GynaresB 282 

Gynodon 225 

Gynoglossum 272 

Gynomorium 264 

GyperacesB 218,227 

GyperesB 227 

Gyperas 227 

Gypress 183 

Gypripedium 238 

Gystopteris 162 

Gystopus 128 

Gytinacead 244,262 

GytineaB 263 

Cytinus 263 

Gytisus 294 

Dactylis 226 

DsBdalea 142 

Daffodil 239 

Daisy 281 

DalbergiesB 295 

Dame's Violet 314 

Dammara 182 

Damson 292 

DansBa 163 

Dandelion 282 

Daphnales 244,255 

Daphne 255 

Darlingtonia 317 

Datureas 271 

Daucineas 287 

Daucus 287 

DavalliaceaB • 162 

Deadly Nightshade 271 

Dead-nettle 265 

Deciduous Gypress 182 

Delesseria 121 

Delphioium 319 

Dentaria 314 

DesmidiacesB 114 

Desvauxiacead 229 

Deutzia 298 

Dewberry 293 

Dianthus 309 

Diatomacead 114 

Diatrype 131 

Dicentra 312 
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Dicksonift 163 

Dicotyledons .... 107, 176, 240 

Dicrannm 154 

Diotamnns 804 

Didjmium . 127 

Dielytra 312 

DierviUa 284 

Digitalis 267 

Digitaria 226 

Dion 179 

DionsBa 298 

Dioscorales 218 

Dioscorea 234 

DioscoreflB 218, 234 

Diosmeffi 305 

Diospyros 274 

DiplocolobesB 314 

DipsaoesB 245,279 

Dipsaous 279 

Dipterix 296 

Dipterocarpead 246, 309 

Discifloras 246, 299 

Discocarpi 136 

Discomycetes 132 

Dock 269 

Dodder 269 

Dog's mercury 254 

Dog's-tooth-grass 226 

Dog-violet 316 

Doronicnm 281 

Draba 316 

Dracaena 233 

Drop-wort 292 

Drosera 298 

DroseraceaB 246, 298 

DryadeaB 293 

Dryas 293 

Dryobalanops 309 

Duck-weed 221 

Dyer'8-weed 316 

Earth-almond 296 

Ebenacead 274 

Ebenales 246, 274 

Ebony 274 

Echeveria 296 

Echinocactus 288 

Echinochloa 226 

Echinops 282 

Echinopsis 288 

Echium 272 

Ehretoideaa 272 

ElaaagnaceaB 244, 255 

Elaaagnns 266 

Elais 223 

Elaphomyces 131 

ElatineaB 246,308 

Elder 284 

Elecampane 282 

Elm 249 

Elodca 234 



Elyna .228 

EmpetreaB 246, 802 

Empetnim 802 

Empleurum 305 

Empnsa ......... 128 

Enchanter's Nightshade . • . 290 

Endive 282 

Endocarpon 136 

Endopbylleaa 140 

Endophyllom 140 

Enteromorpha 116 

Entomophthoreaa . . • . 124, 128 

Epacridead 245, 276 

Ephebe 136 

Ephedra 183 

Ephemermn 152 

Epilobimn 289 

Epimedium 821 

Epipactis 238 

Epipogium 238 

Equisetinae 107, 158, 166 

Equisetum 166 

Eranthis. 819 

Ergot. . . ' 181 

Erica 276 

Ericaceae 246,276 

Ericales 246, 275 

Erigeron 281 

Eriocanlon 228 

EriocaoloneaB 218,228 

Eriophorum 227 

Erodiom 303 

Ervum 295 

Erynginm 286 

Erysimum 814 

Erysiphe 180 

Erysipheaa 130 

Erythraea 272 

ErythroxyleaB 246, 803 

Erythroxylon 303 

Esohscholtzia 311 

Euastrum 114 

Eucalyptus 290 

Eugenia 290 

Euonymus 301 

Eupatorieaa 280 

Eupatorium 280 

Euphorbia 253 

EuphorbiaceaB 263 

Euphorbiales 244, 263 

Euphrasia 268 

Eurhynchium 166 

Eurotlum 130 

Euryantheas 226 

Evening Primrose 289 

Everlasting 282 

Evernia 135 

Exidia 141 

Exobasidium 142 

Eye-bright ....... 268 



Fagne 261 

FstuB 287 

Feathsr-grasa 226 

Fc^ateUa 150 

Fern 1S9 

Pern-Koyal 163 

Fescne-graaB 226 

FeatDoa 226 

FeBtacaie S26 

Ficoidalea 246, 237 

Fiooiden 246, 288 

PiCDB 248 

Fig 248 

Figwort 267 

Filago 2S3 

Filiees 167, 168 

Filioina 107, 168 

Fii 181 

Flog 240 

Flax 303 

Ftorideie 113, 120 

Flowerlng-rnaii 230 

Ftenicalum 286 

Folifioeons Lichens 136 

FolioBe LivorwortB ..... 149 

Fontisalis 165 

Fool'fl Pftraley 287 

Forget-me-not 272 

Foiglove 267 

Foxtoil-graBS 225 

Fragaria 293 

FraiineEB 274 

FraiinnB 274 

Fritiliaria 231 

Frog'B-bit 234 

Frondose LiTerworts .... 149 

Frallania 161 

Pntifloae Liohena 134 

FaohaU 290 

Faona 117 

Fmnago 131 

Fnmaria 312 

Ftunariaoes 246, 312 

Fnmitory 312 

Funacia 154 

FnDgi 107, 121 

FnrzB 294 

Oalactodendron 248 

Oalanthns 239 

Oaleopsis 265 

Oalingale 227 

Oalium 3S3 

Qamopetaln 244, 264 

GaiUo 231 

Oaatromjoetea 143 

Geaater 144 

Genista 295 

Gentiana 272 

Geutianolea 346,272 



Gentianen 

Gantianoidea . , . . 

OeramaoeiG 

OerauialeB 

Geranium 

Oermander 

GeBneracsEB .... 

Ginkgo . 

Gladiolna 

Glaui 

Olecboma 

Oleditschia 

OlelcheniaaeiG . . . . 
Globe.flowei .... 

Globnlaria 

Qlobalorieffi .... 

Qlceooapaa 

Glnmales 

GlumifloriB 

Qlycyn-hiza .... 
Gnaphalieffi .... 
Onaphalinm .... 

Onetatwie 

OoBt'B-beard .... 

Oolden.rod 

Gold.of-pleasnra . . . 

Gooseberry 

GooBe-foot 

OoBsypiam 

Gramines 

Granateffi 

Grape- Vine 

Oraphideie 

GraphiB 

GrasseB 

GrasE-WTBok .... 

Gratiola 

Great Burnet .... 
Green- weed .... 
Orevillea 

Gromwell 

Groond Ivy. .... 
GronndNut .... 

Groaadsel 

Gaaiaonm ..... 
Guelder Boss .... 
Guttiferalee .... 

Guttifeiie 

Gymnodenia .... 
Ovmnocarpoua Liohena 
Gymaospermffi . . . 
GymnosporangioiH . . 
Gymcoaporangium . , 
Oymion. 
Gyrophor 



Halongiden 21S, S 

Huiiameliile» 21fi, S 

EUrd-Fem 1 

Hara-BeU 2 

Hart's Tongue 1 

Hawtbora 3 

Hazel S 

Heath S 

Hedera S 

Hedge MaBtard ! 

Hedychium S 

Hedjeareie i 

BeliantheDLom ..•«..£ 

Helianthiee ! 

Belianthne i 

Heliotropium i 

HelleboieiB I 

BelleboraB ! 

EtolTella ] 

HelTellaoes 1 

Hamlock i 

Henbane > 

HepaticiB 107, I 

H^acleum i 

Herb Cbrietopher I 

Herb Paris i 

HemiDJia i 

Eeapeds I 

HeteromerouB Lichens . . . ■ 1 
Heleroipotous Vascular Cijpto- 

gainB J 

Hibisoua I 

Hiokory i 

Hieraoium i 

Hippocrepis i 

Hippopbae i 

Hippuridele 2iS, i 

Holous i 

Holly a 

Hollyhock 3 

HoloBteum 1 

Homoiomerooe Lichens . 133, I 

Honey-dew 1 

Honey-grass 9 

Honeysuckle i 

Hop S 

Hoides i 

Hordeom i 

Horebound i 

Hornbeam 9 

Homed Pondweed 9 

Horse-ohestnnt 9 

Horse-tadiih 9 

Hoise-tail 1 

Hound's ToDgae i 

Hoase-leek i 

Hoya 9 

Hamntna i 

Satebinfia i 



HynciutliUB 2i 

JJydneffi !■ 

HyJnora 31 

HydnoreiB 31 

£ydnum 1' 

Hydralee 318, 2! 

Hydrangi'si 21 

Hydrillem 21 

HydroohBridaotcE .... 218, 2; 

Hydrocharis ai 

Hydroootjle 2f 

HydroootyleiB 2t 

Hydrodictyes 1- 

Hylocomium 1! 

EymeDogaBtren ...... 1^ 

Hymenomycetefl ...... 1' 

HymenophyllacEffi H 

Hymeuopbyllnm ll 

Hyoacyam^EB ....... 3' 

Hyperioincffl 346, 31 

Hypericum 81 

Hypnum 11 

HysHopuB 21 

Hyeterium 1! 

IberiB 3: 

Hei 3( 

nioinea 316, S< 

Illecebrum SI 

lUicieiB 8! 

Illicium 3: 

Impatiena S( 

Imperatoria 2t 

iDcUgo 2S 

Indigofera 2i 

Inula 21 

Inuleai 3t 

Ipeoaouauba 2i 

Iridem 218, 2t 

Iris 2'. 

Isattden 81 

Isatis 81 

Isnardia 3! 

Isoeteo 1G9, i; 

Iso^tea li 

Isonandia 2' 

Isosporoua Vascnlac CryptogautE II 

Ivy 2t 

Jacob's Ladder 3' 

Jaaione 3' 

Jasminea 215, Z 

JoaminDin 2' 

Judas-tree 21 

Jnglandesi 2f 

Juglans 31 

JnncBceffi 218, 2j 

Juncagines 218,2: 

Juncus 21 

Jungermannis ■ "' 

Jnagermannies ' . II 

Juniperus 1< 
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ViGB 

Jute 307 

Kaulfussia 163 

Kerria 292 

Kidney-vetch 295 

Knapweed 282 

Enantia 279 

Enawel 810 

Kobresia 228 

Koeleria 226 

LabiatflB 244, 265 

LabiatiflorsB 282 

Lactarius 148 

Laotuca 282 

Ladies' Fingers 295 

Lad/s Mantle 292 

Lady's SHpper 238 

Lamb's Lettuce 279 

Lamiales 244,264 

Laminaria 117 

Laminm 265 

Lapsana 282 

Larch 181 

Lardizalbesa 320 

Larix 181 

Larkspur 319 

Laserpitium 287 

Lathraea 268 

Lathyrus 295 

LatiseptsQ ........ 315 

LaurinesB 244, 256 

Laurus 256 

Lavandula 265 

Lavender 265 

Lecanora 186 

LecideaceflB 136 

Lecythideffi 291 

Leek 231 

Leersia 226 

Leguminos8B 245, 294 

Lemna 221 

Lemnace® 218, 221 

Lemon 805 

LentibulariesB 244, 269 

LentU 295 

Lenzites. 143 

Leonurus 265 

Lepidines 315 

Lepidium 815 

LeptospermesB . 290 

Lesser Burnet . 292 

liettuce 282 

Leuce 258 

Leucobryum 154 

Leucodon ..•••••• 154 

Leucojum ........ 239 

Levisticum 286 

Lichens 138 

Ligeria 268 

Lignum VitaB .••••.. 804 

LiguliflorsD 282 
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Lignstrum 274 

Lilac 274 

LiUacea 218,231 

Lilialfs 218, 231 

Lilie« 231 

LiUum 281 

Lily 231 

Lily-of-the- Valley 233 

Lime-tree 806 

Limnooharis 230 

Linaria 267 

Line® 246,303 

Ling ; 276 

Linnsa 284 

Linnaaan System of Classification 106 

Linum 803 

Liriodendron 820 

Lithospermum 272 

Litorella 267 

Liverworts 148 

Livistona 228 

Lobelia 278 

LobeliacesB 245, 277 

LoganiaoesB 245, 272 

Lolium 226 

Lomaria 162 

LomentacesB 815 

Lonicera 284 

Lonicereffi 284 

Loosestrife 290 

Lophophytum 264 

LoranthacesB 244, 263 

Loranthus 264 

Lords-and-Ladies 221 

Lotus-flower 320 

LotesB 294 

Lucerne 295 

Lupinus. 294 

Luzula 238 

Lychnis 810 

Lycium 271 

LycoperdaceiB 144 

Lycoperdon 144 

Lycopersicum 271 

Lycopodies 158, 168 

Lycopodin® .... 107, 158, 168 

Lycopodium 168 

Lycopsis 272 

Lycopus 265 

Lygodium 163 

Lysimachia ....... 275 

Lythrarieffi 245, 290 

Lythrum 290 

Mace 257 

Maclura 248 

Madder 288 

Magnolia 820 

Magnoliace® 246,320 

Magnolie® 820 

Mahogany ........ 805 
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ICaiAiithemmii 288 

lUiden-Hair Fern 162 

lUiie 225 

ICale-fern 162 

lUUow .'808 

lOlTa 808 

ICalvacea 246,807 

ICalvales 246,806 

ICamillArift 288 

Manglesia 266 

ICangold 257 

ICangroTe 291 

M«ii&ot 254 

Hanna-ABh 274 

ICapl 800 

Maranta 286 

ICaraniaces 218,286 

ICarasmiuB 148 

ICarattia 168 

ICarattiacesB 168 

ICarohantia 150 

MarohantiacesD 150 

]iare*8.tail 299 

Marjoram 265 

Marrnbinm 265 

Marsh- mallow 808 

Marsh-marigold 819 

Marsilia 165 

MarsiliaoesB 165 

Matricaria 281 

Matthiola 814 

Mat-grass 225 

May 298 

Meadow-me 817 

Meadow-sweet 292 

Medicago 295 

Medlar 298 

Melaleuca 290 

Melampsora 140 

MelampsoresB ..••..• 140 

Melampyrum 268 

Melanophyces 118, 116 

Melanthies 282 

MeliaoeiB 246, 805 

MeUc-grass 226 

Melica 226 

MeUlotus 295 

Melissa • 265 

MelissinesB 265 

MeUttis 265 

Melon 289 

Melosira 115 

MenispermaoeiB .... 246, 820 

Mentha 265 

MenthoidesB 265 

Menyanthead 272 

Menyanthes 272 

Merourialis . 254 

MemUas 142 

Mesembryanthemam .... 288 

MespilQS 298 
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Hetrosideros . 290 

Metzgeria • • 151 

Meom 286 

Mioroooccus 124 

Mignonette ..•••••• 816 

Milfoil 280 

Miliom 226 

Mimosa • • 296 

Mimoseie 296 

Mimolos 267 

Mint 265 

Mirabilis 258 

Mistletoe 263 

Molinia 226 

MonardeiB 265 

Monk*s-hood 819 

MonochlamydeiB .... 244, 246 
Monoootyledones . . 107, 176, 215 

Monotropa . 276 

Monotropeffi 245,276 

Montia 810 

Moor-grass 225 

Morchella 138 

Mores 244,248 

MoreU 133 

Moras 248 

Mosses 151 

Mongeotia H^ 

Moontain-Ash 294 

Mucor 125 

Mulberry 248 

Mullein 267 

Musa 285 

MusaceflB 218, 235 

Musoi 107, 151 

MusdneaB 107, 144 

Mushroom 148 

Musk 267 

Mustard 815 

Myosotis 272 

Myosurus ..••••.* 819 

MyrioaceiB 244,252 

Myriophyllum . ...... 299 

Myristica 257 

Myristices 244, 256 

Myroxylon ........ 296 

Myrrh 806 

Myrrhis 287 

MyrsinesD ...••• 245, 275 

Myrtaoes 245,290 

Myrtales 245,289 

MyrteaB .....••.. 290 

Myrtus 290 

Myxomycetes 128,126 

Naiades 218,219 

Naias 219 

Narcissales 218,289 

Narcissus 289 

NardeiB 225 

Nardus 225 

Nasturtium 804,814 
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Katnral System of Classiiioation 106 

Navicula. 116 

Neckera 155 

Kectria 131 

NelumbiesB 820 

Nelumbiam 820 

Nemalion 120 

Neottia 288 

Nepenthales 244,269 

NepenthesB 244, 259 

Nepenthes 259 

Nepeta 265 

NepeteaB 265 

Kephrodiam 162 

Kerium 272 

Kettle 248 

New Zealand Flax 281 

NicotianeaB 271 

NidolarieaB . . * 144 

NigeUa 819 

Nitella 119 

Nopalea 288 

Nostoo 118 

NotorhizeaB 814 

NucamentacesB 815 

Nadiflorsd 218,219 

Nuphar 820 

Nntmeg 257 

NyctaginesB 244, 258 

NymphsBa 820 

NymphaeacesB 246,820 

NymphsBinfld 320 

Oak 261 

Oat 226 

OcymoidesB 265 

Ocymum 265 

(Edogoniese 113,119 

CBdogoninm 119 

CEnanthe 286 

<Enotliera 289 

Oidium 180 

Olacales 246,802 

Old Man's Beard 817 

Olea 274 

OleacesB 246, 273 

Oleander 272 

OleineaB 278 

Olibanom 806 

OUve 274 

OnagraceaB 245,289 

Oncidium 289 

Onion 281 

Onobrychis 295 

Ononis 294 

OosporesB 110 

OpMoglossesB 163 

Ophioglossum 164 

Ophrys 238 

Opuntia 288 

Orange 305 

Orchidales 218, 286 



OrchidesB 218,286 

Orchis .288 

Order 108 

Origanum 265 

Orobanche 269 

OrobanchesB 244,269 

Orobas 295 

Oronte£B 220 

OrthoplocesB 814 

OrthospermesB 286 

Orthotriohom 154 

Oryza 225 

OryzesB 225 

Oscillaria *113 

Osmonda 163 

OsmandacesB 163 

Ostrya 260 

OxalidesB 246,804 

Oxalis .^ • • 304 

Oxycedrus ...••••. 188 

Ox-eye Daisy 281 

OxUp 276 

PaBonia 819 

PaBoniesB 819 

PalmsB 218,222 

Palmales 218,222 

PalmellaceaB 115 

Palms 222 

PandaneaB 218,221 

Pandanus . . • 221 

Pandorina 116 

PaniceaB . 225 

Panicom 226 

Panns 143 

Pansy 816 

Papayer 811 

Papayeracea 246, 811 

Papayacead 245,288 

Paper Mulberry 248 

PapilionaoesB 294 

Papyrus 227 

Parietales 246,811 

Parietaria 248 

Paris 238 

Parmelia • . . 185 

ParnassiesB 297 

ParonyohiesB 810 

Parsley 287 

Parsnip 287 

Passiflora 288 

PassifloraoesB 288 

Passiflorales 245, 288 

Passion-flower 288 

Pastinaoa 287 

PatchouU 266 

Paulownia 267 

Pea 296 

Peach 292 

Pear 294 

Pedicularis 268 

Pelargonium ....... 8^ 
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Pellia 151 

Peltigera 135 

PeniciUium 130 

Penny-cress 815 

Pentastemou 267 

Peperomia 247 

Pepper 247 

Pepperworts 164 

Periwinkle 272 

Peronospora 128 

PeronosporesB 124, 127 

Personales 244,267 

Pertnsaria 136 

PetaloidesB 218, 229 

Petasites 280 

Petroselinam 286 

Petunia 271 

Peucedaneas 286 

Pencedanum 287 

Peziza 133 

PezizacesB 133 

PhacidiacesB 132 

Phajus 239 

PhalaridesB 225 

Phalaris 225 

PhaUoideaB 144 

PhaUus 144 

Phanerogamia 107, 170 

Phascacesd 152 

Phascam 153 

Phaseoleas 295 

Phaseolus 295 

Pheasant's Eye 319 

Phegopteris ....... 162 

PhiladelpheaB 297 

Philadelphus 298 

Philodendron 221 

PhleinesB 225 

Phleum 225 

Phlox 270 

Phoenix 222 

Phormium . 231 

Phragmidium 139 

Phragmites 226 

Phncagrostis 219 

PhycochromacesB .... 112, 113 

Phy corny cetes 123 

Phyllanthns ....... 254 

Phyllocactus 288 

Phyllocladus 180 

Phylloglossum .168 

PhysaHs 271 

Physostigma 295 

Phytelephas 223 

Phyteuma 277 

Phytolacca 258 

Phytolaccacess .... 244,258 

Phytophthora 128 

Picea 181 

Pilularia 166 

Pimpernel 275 



Pinaster 182 

Pine 181 

Pine- apple 235 

Pingoicola 269 

Pink 309 

Pinnularia 115 

Pinus 181 

Piper 247 

Piperacess 244,247 

Piperales . 244, 247 

Pipewort * ... 228 

Pistacia 301 

Pistia 221 

Pisum 295 

Pittosporeas 246,311 

Pittosporum 311 

Plagiochila 151 

Plane 250 

PlantaginesB 244,266 

Plantago 266 

Plantain 235,266 

PlatanesB 244,250 

Platanns 250 

Pleospora 131 

Pleurocarpoas Mosses .... 154 

Pleoroooocas 115 

Pleororhizead 314 

Plooamiom 121 

Plum 292 

Plumbaginead 245,275 

Plumbago 275 

Poa . 226 

Pogostemon 265 

PolemoniacesB 245, 270 

Polemoniales 245,269 

Polemonium 270 

PolycarpesB 310 

Polycarpon 310 

Polygala 311 

PolygalacesB 246,310 

Polygalinsd 246,810 

Polygoneas 244,258 

Polygonum 259 

Polypetalaa 245,284 

Polyphagus 126 

Polypodiaceas 162 

Polypodiesd 162 

Polypodium 162 

Polyporesa 142 

Polyporus 142 

Polytrichum 154 

PomesB 293 

Pomegranate 291 

Pondweed 219 

Pontederiaces9 218, 233 

Poplar 252 

Poppy 811 

Populus 253 

Portulaca 310 

Portulacacesd 246,810 

Potamales 218,219 
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Potamogeton 219 

Potato 271 

PotentiUa 293 

Poterium 292 

Primrose 276 

Primula 276 

PrimolacesB 246,274 

Primulales 246,274 

Privet 274 

Protea 256 

Proteaceaa 244,266 

Protophyta 110 

Prunella 266 

Prunus 292 

Psilotum 168 

Ptelea 306 

Pterideffl 162 

Pteridophyta 107,166 

Pteria 162 

Pterocarpus 296 

Ptilophyllum 160 

Puccinia 139 

PuGciniesB 139 

Pumpkin 289 

Punica 291 

Purslane 310 

Pyrenocarpi 136 

I^enomycetes 131 

Pyrola 276 

PyrolaceaB 245,276 

Pyrus 294 

Quaking-grass 226 

QuercuB 261 

Quemales 244,269 

Quince 293 

Kadish 316 

Badula 161 

Bafflesia 263 

BafflesiacesB 263 

Bamalina 136 

Bampion 277 

Banales 246,317 

BanunculacesB 246,317 

BanunculeiB 818 

Banunonlus 818 

Bape 816 

BaphanesB 816 

Baphanus 816 

Baspberry 293 

Battle 269 

Beboulia 160 

Beed 226 

Beed-grass 226 

Beed-mace 222 

Beseda 316 

BesedacesB 246,316 

Best-harrow 294 

Bestiaceffi 218,229 

Bestiales 218,228 

BhamneiB 246,801 

BbamnuB •••••••• 801 



Bheum 269 

Bhinanthus 268 

Bhipsalis 288 

Bhizantheaa 267 

Bhizooarpes 167, 164 

Bhizocarpon 136 

Bhizomorpha 143 

Bhizophorace® .... 246, 291 

Bhododendron 276 

Bhodoracess 246,276 

Bhodotypus 292 

Bhubarb 269 

Bhus 301 

Bhytisma 132 

Bibes 298 

BibesiaceaB 298 

Bibwort 266 

Biocia 149 

Bicciess 149 

Bice 226 

Bichardia .221 

Bicinus 264 

BivulariesB 114 

Bobinia 296 

Boccella 136 

BockBose 316 

BoBstelia 140 

BosaoeiB 246,291 

Bose 292 

Bosales 246,291 

BosesB 291 

Bosmarinus 265 

Bowan-tree 294 

Bubia 288 

BubiacesB 246,282 

Bubiales 246,282 

Bubus 293 

Bue 304 

Bumex 269 

Buppia 219 

Buscus 233 

Bush 233 

Buta 804 

ButaoesB 246, 304 

ButesB 304 

Bye 227 

Bye-grass 226 

Sabina 183 

Saeoharomyces 125 

Saccharomycetes . • • . 123,124 

Saooharum 225 

Saffron 240 

Sage 265 

Sagina 809 

Sagittaria 230 

Sago 228 

Sagus 228 

Sainfoin 295 

SaUcinesd 244,252 

Salisbuiya 180 

Sails 25d 
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SalsAfy 282 

BalBoU 267 

SiJt-wort 267 

Sftlvift 266 

BftlTinia 166 

BftlyiniaeeaB 164 

Bambucea 284 

BambucoB 284 

8andal-wood 263 

BanguUorba 292 

Banguisorbes 292 

BaniculeiB 286 

Bantalaeeffi 244,268 

Bantalales 244,263 

Bantaloin 263 

Bapindaoeie 246,299 

BapinduB 800 

Bapindales 246,299 

Baponaria 809 

BapoteaB 246.274 

BaprolegnieiB 123,127 

Barothamnus 294 

Barraoenia 317 

BarraceniacesB 246,317 

Batnreia 265 

BatureinefB 266 

Baxifraga 297 

BazifragaceiB 246,296 

BaxifragesB 297 

Boabiosa 279 

Boandices 287 

Boarlet Banner 296 

Beorpion-grass 272 

Bcotch Fir ....*... 182 

Boheuchzeria 229 

BchizeacesB 168 

Bohizomjcetes . • • • 123, 124 

BchoenuB 227 

BoiUa 231 

Boirpeae 227 

Bcirpus 227 

BoitaminesB 218,236 

Bderanthus 310 

Boolopendriom 162 

Boorzonera 282 

Borew-Pine 221 

Borophularia 267 

Bcrophularinese .... 244,267 

Booryy-grass 316 

BouteUaria 266 

BontellariesB 266 

Bea Buckthorn 266 

Bea-Eale 316 

Bea-Bocket 316 

Beoale 131,227 

Bedge 228 

Bedum 296 

BelagineUa 169 

BelagineUeffi 168,169 

Bemperyivum 296 

jSenebiera ..•.•••• 316 



Seneoio ..••••••• 281 

SenecionideflB 281 

Bensitiye Plant 296 

Seqaoia 182 

Series 108 

Service-tree 294 

SeselineflB 286 

Sesleria 226 

SeslerieflB 226 

Shalot 231 

Sheep's-bit 277 

Shepherd*8-parse 316 

Sherardia 283 

Silene 309 

SilenesB 309 

Siler 287 

SilerinesB 287 

Siliculossd 316 

SiliquoBSB 814 

Silver- weed 293 

Simainbeffi 246,306 

SinapiB 316 

SiphonesB 113,117 

Siphonia 264 

SiBymbriesB 314 

SiBjmbrium 314 

Slum 286 

Skull-cap 266 

Sloe 292 

Small-reed 226 

SmUax 233 

Smut 131,137 

SmymiesB 287 

Snap-dragon 267 

Snowberry . 284 

Snow-drop 239 

Snow-flake 239 

Soap-wort 309 

SolanaoesB 246,270 

SolaneaB 271 

Solanum 271 

SoUdago 281 

Sonchus 282 

Sophora 296 

SophoresB 296 

Sorbus 294 

Sow-bread 276 

SpadioiflorsB 218,219 

Sparganium 222 

Spartina 226 

Species 108 

Specularia 277 

Speedwell 268 

Spelt 227 

Spergula 809 

SphsBrella 131 

SphflBria 131 

SphaBrophorus 135 

SphagnacesB 152 

Sphagnum 152 

Spinacia ..••.••• 257 
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Spindle-iree 801 

SpirsBa 292 

SpiraBacesB 292 

SpiriUom 124 

Spirogyra 114 

Spirolobefis 314 

Spruce 181 

Sparge 254 

St. John's Wort 808 

StachydesB 265 

Staohys 265 

StapeUa 273 

Staphylea 801 

Staphyleaoeffi 246,801 

Star-anise 320 

Statice 275 

Stanrastmm 114 

Stellaria 809 

StellatsB 283 

SteronliacesB 246,307 

Stereom 142 

Sticta 135 

Stipa 226 

StipesB 226 

Stock 314 

Stork'8-bill 303 

Stratiotes 234 

Stratiotidesd 234 

Strawberry . 293 

Strychnos 272 

StyracesB 245,274 

Styrax 274 

Sub-class 108 

Subularia 815 

Sucoisa 279 

Sugar-cane 225 

Summer Savory 265 

Sundew 298 

Sunflower 282 

Sweet Basil 265 

Sweet Cherry 292 

Sweet Flag 220 

Swietenia 263 

Sycamore 800 

Symphoricarpus 284 

Synohytrium 126 

Syringa 274 

TaooaoeaB 218,234 

T»da 182 

TamarisoinesB 246,310 

Tamarix 310 

TamuB 234 

Tanacetum 282 

Tansy 282 

Tapioca 254 

Taraxacum 282 

Tassel Pondweed 219 

TaxinesB 179 

TaxodiesB 182 

Taxodium 182 

Taxus 179 



Teak . . ' 266 

Teasel 279 

Tectona 266 

Teesdalia 815 

TerebinthacesB 246,300 

TemstroemiaoesB . • • . 246,808 

Tetrachytrium 126 

Tetraphis 154 

Teucrium 266 

Thalamiflorss 246,306 

Thaliotrum 817 

Thallophyta 107,110 

Thea 808 

ThelephoresB ..•••.. 142 

Theobroma 807 

Thesium 263 

Thistle 282 

Thlaspi 815 

ThlaspidesB 815 

Thorn-apple 271 

Thrift 276 

Thuja 183 

Thuidium 155 

ThymeleacesB 244,255 

Thymus 265 

Tilia 806 

TiliacesB 246, 806 

Tilletia 137 

Tmesipteris 168 

Toad-flax 267 

Tobacco 271 

Toddalie89 805 

Tofieldia 232 

Tomato 271 

Tonka Bean 295 

Tradescantia 231 

Tragopogon 282 

Trametes 142 

Trapa 298 

Trefoil 295 

Tremella 141 

TremellinsB • • 141 

Trichia 127 

Trichomanes 162 

Trientalis 275 

TrifoUum 295 

Triglochin 229 

Trigonella 295 

Triticum 227 

TroUius 819 

TropsBolead 246,804 

Trop89olum 804 

Truffle 181 

Tsuga 181 

Tuber 181 

Tuberaoeie 181 

Tubuliflorad 280 

TuUpa 231 

Tulip-tree 820 

Turk*s.cap Lily 281 

Turnip 815 
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Tussilago 280 

ToBsilaginete .••.... 280 

Twitch 227 

Typha 222 

TyphacesB 218,222 

tJlex 294 

TJlmaceaB 244,249 

Ulmus 249 

tJlothrix 116 

Ulva .116 

UlvaceaB 116 

tJmbellales 245, 285 

tJmbelliferffi 246,285 

tJmbilicaria 136 

TJredineaB 124,137 

Uredo 138 

tJromyces 139 

tJrooystis 137 

Urtica 248 

Urticales 244,247 

Urticeae 244,247 

tJsnea 135 

UstUaginesB 124,137 

tJetUago 137 

tJtricularia 269 

Vaccinieae 245,277 

Vaccinium 277 

Valeriana 279 

ValerianeaB 245,278 

Valerianella 279 

ValUsneria 234 

VallisnerieaB 234 

Vanda 239 

Vanilla 239 

Variety 108 

Vascular Cryptogams .... 155 

Vascular Plants 108 

Vaucheria 117 

Venus' Fly-trap 298 

Venus' Looking-glass .... 277 

Veratrum 232 

Verbascum 267 

Verbena 266 

VerbenaceaB 244, 266 

Vernal grass 225 

Veronica 268 

VerrucarieaB 136 

Vervain 266 

Vetch 295 

Viburnum 284 

Vicia 295 

Vicieae 295 

Victoria 320 

Vinca ......... 272 

Viola 316 

ViolariesB 246,316 

Virginia Creeper 302 

Viscum 263 

Vitkrxxf^ 302 
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VolvocineaB .•«..• 113, 118 

Volvox 118 

Wall-flower 314 

Walnut 259 

Water-chestnut 298 

Water-cress 314 

Water Crowfoot 318 

Water-hemlock 287 

Water-lily 320 

Water-milfoil 299 

Water-plantain 230 

Water-soldier 234 

Waterwort 308 

Wellingtonia 182 

Welwitschia 184 

Weymouth Pine '» 182 

Wheat 227 

Whin 294 

Whitlow-grass 315 

Whortleberry 277 

Wild Balsam 304 

Wild Basil 265 

Wild Cherry 292 

Wild Plum 292 

Willow 252 

Winter Aconite 319 

Winter Cherry 271 

Winter-green 276 

Wistaria 295 

Witch Hazel 298 

Woad 315 

Wolf's-bane 319 

Wolffia 221 

Woodruff 283 

Woodsia. . 162 

Wood-sorrel 304 

Wormwood • 281 

Wych Ehn 249 

XanthozyleaB 305 

Xanthoxylum 305 

Xylaria 131 

Xyridese 218, 230 

Yam 234 

Yellow Flag 240 

Yellow Eocket 314 

Yew ... 179 

Yucca 231 

Zamia 179 

Zanichellia 219 

Zea 225 

Zingiberaceae 218, 236 

ZoosporesB 112, 115 

Zostera 219 

Zygnema 114 

ZygnemaceaB 114 

Zygochytrinm 126 

Zygomycetes 123, 125 

ZygophylleaB 246,304 

ZygosporeaB HO 
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